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Leaders like Laporte choose... 





P FA U D L E R when they need the best 


Here we see three of the 








seven British Pfaudler vessels 
installed at Luton for 

Laporte Industries Ltd. 

The Pfaudler vessels are each 
of 100 gallons capacity and 
form part of a new reaction 
“cascade” plant. Their glassed- 
steel lining resists acids and 
alkalies, heat and corrosion. 
The equipment is robust 

and easy to clean. 

Pfaudler glassed-stecl gives you 
the best of everything—safety, 
freedom from product 
contamination, and long life. 
Be wise . . . specify 


PFAUDLER every time. 
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DIGEST 


Light on RDC Performance 
| OTATING disk contactors, which are similar to disk- 
and-doughnut towers except that the disks are mounted 
on a vari-rotating shaft or rotor, have now been used for 
liquid-liquid extraction for about 20 years. The additional 
advantages of RDC’s are increased throughput, enhanced 
transfer coefficients (brought about by the forced convec- 
tion effect of the rotating disks) and a greater flexibility 
of control to suit particular liquid systems and variations 
in feed concentrations. However, greater flexibility of 
control requires that a reliable design method be available 
along with methods of predicting onset of emulsification 
and phase segregation. 

A paper* recently presented to an A.I.Ch.E. Conference 
now presents a theoretical analysis of the mechanism 
involved, derived from stirred-tank theory, together with 
a comprehensive survey and correlation of all the previous 
data from drop-size, disperse phase hold-up and mass 
transfer measurements (33 references). 

Based on these data, and on new data for column dia- 
meters up to 7 ft., design correlations are thus available 
for the estimation of mean drop-size from power input 
and internal column dimensions, total drop surface area 
from the amount of disperse phase hold-up and for the 
determination of true mass transfer coefficients (which 
takes into consideration axial diffusion, the principal factor 
opposing transfer in a RDC) from data relating to stirred- 
tanks where radial diffusion only takes place. 

Liquid systems included in the correlations are: — 


Disperse Phase Continuous Phase 


Toluene-Acetone Water 

Water Toluene-Acetone 
Toluene-Methyl Ethyl Ketone Water 
Methyl isoButyl Ketone-Acetic Acid Water 
Kerosene (Paraffin)-n-Butylamine Water 
Butyl Acetate-Acetone Water 


Butyl Acetate Acetone-Water 


Liquid systems for which the correlations are not 
uitable : — 
Lube Oils or other viscous liquids dispersed in water. 
Liquid mixtures of low surface tension. 

Perhaps the most important feature in this otherwise 
essentially theoretical paper, since efficiency is greatly 
dependent on rotor speed, is the description of the visual 
and photographic observations of the effect of this 
variable on the radial distribution of the disperse phase, 
onset of phase segregation and the extent of axial mixing 


or channelling. Mathematically, these effects have been 


correlated with the aid of an expression derived from an 
electrical conductivity cell analogue. A number of graphs 
are also given showing the variation in the disperse phase 
radial distribution with rotor speed for individual systems. 

Rotating disk contactors can also be used for conduct- 
ing continuous chemical reactions. Some of the advantages 
to be gained by the use of such equipment are the possi- 


December. 1961 Vol. 6 No. 12 





OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


bility of several points for feed injection, or effluent dis- 
posal, rapid blending (complete mixing takes place within 
the height of 6 doughnuts) and easy control of residence 
time and extent of reaction. In the present paper, data 
is given for the mixing of jets of acid in aqueous NaOH. 
Incidentally. the paper is also a useful source of data for 
the surface tension of aqueous organic mixtures. 


* * Fundamental Aspects of RDC Performance". C. P. Stranp, R. B. OLNEY 
and G. H. ACKERMAN. Shell Development Company, Emeryville, California, 
U S.A. 


Flow of Fluids through Porous Bodies 


ESISTANCE to the flow of gases through mixed beds 

_L of regularly shaped particles of different sizes, and 
through beds of irregular particles such as coke and 
pebbles, has been studied by the Applied Studies Labora- 
tories of the British Coke Research Association. 

Even in beds of regularly shaped spheres of uniform 
diameter, there may be a variation in voidage of from 
35-40 For irregularly shaped particles, this range may 
be increased by 2-3 These values of voidage are related 
to the ratio of average particle diameter to container dia- 
meter. and can be varied over a fairly wide range by 
adjusting the average particle diameter. 

For spherical particles ranging in diameter from 3-25 mm, 
the change in resistance of such beds to gas flow was 
generally proportional to the fourth power of the change 
in voidage between limits of voidage of 35-48°., and did 
not vary significantly with voidage. In beds of irregular 
particles (pebbles and gravel) of mean size 4-25 mm, and 
beds of coke of mean size 7-22 mm, the change in resist- 
ance was generally—but not always—proportional to the 
fourth power of the change in voidage no firm conclusions 
could be drawn here. 

The variation of bed resistance according to normal and 
rectilinear voidage was also studied for a range of upper 
to lower size limits up to 7:1, when this ratio was 2:1 or 
less the voidage was markedly affected by changes in the 
ratio to upper or lower size limit ; but, above the 2:1 ratio, 
changes in ratio had little influence on voidage. 

British Coke Research Association 


Annual Report 1960, 


The Continent helps with Dip.Tech. 
Training 

HREE students of the Department of Chemical 

Engineering of the Bradford Institute of Technology. 
who left for the Continent in October, were pioneers in a 
new departure in Dip.Tech. industrial training, for they 
were going to work for six months with firms in Holland 
and Germany as part of Bradford’s sandwich course. 

Bradford believes that Britain should have chemical 
engineers who look outwards in an age where we are more 
and more dependent upon the export of “ know how ™ and 
where, in particular, the chemical and chemical plant 
industries are playing an ever increasing role in the battle 
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for exports. To achieve this Bradford teaches its Dip.Tech. 
chemical engineers a foreign language and is now sending 
some of them to work on the Continent. 

The students, all of them in their third year, have shared 
between them a wide variety of experience in their previous 
industrial periods where they have worked in chemical 
plants, steelworks, research institutes and an effluent dis- 
posal plant. One is going to Holland to work on the com- 
missioning of a large sulphuric acid plant, one is going to a 
major metallurgical concern in the Rhineland and the third 
to one of Germany’s largest chemical concerns. During the 
course of their six months period, they will be visited by a 
member of the staff of the Institute, who will review their 
progress in the company. 

The placings were arranged by Mr. V. C. MARSHALL, a 
Senior Lecturer in the Department of Chemical Engineer- 
ing, who visited the firms concerned during the summer 
and found a very keen interest in the Sandwich Course 
system of education. Even in Germany, where the concept 
of the Chemical Engineer has taken a long time to take 
root, definite courses in chemical engineering are now 
being started and German industrialists are weighing up 
the advantages of the combination of theory and practice 
which the Dip.Tech. course exemplifies. 

Depending upon the results of this year’s placings, it is 
hoped to extend the scheme next year. The Department 
has a number of Continental contacts and has had offers 
of assistance in arranging further placings. 


Reciprocating Perforated Plates as Mixers 
for Liquid-Liquid Extraction Units. 


LARGE-SCALE pilot-plant three-stage mixer settler 
l unit for liquid extraction using reciprocating per- 
forated plates as mixing elements has been built at the 
Pennsylvania State University, under the sponsorship of 
Esso Research and Engineering Co., following studies on 
the variables affecting mass transfer produced by perfora- 
ted plate mixers. In this unit, both the frequency and stroke 
of the reciprocating mixers are variable. The liquid phases 
flow cocurrently through the mixing zone parallel to the 
surface of the perforated plates. 

The manner in which reciprocating plate mixers work is 
shown in the diagram on the upstroke, the liquid above the 
plate jets partly down through the hole and partly around 
the plate periphery; and conversely on the downstroke. 
If the vibrated plate is placed at a liquid-liquid interface, 
each liquid is driven into the other phase in an apparently 
continuous stream. By placing the plate about | inch from 
the interface, however, it is possible to stir one phase into 
the other almost exclusively except for a small amount of 
entrainment in the reverse direction. 

The solid area of the plate and the vibration amplitude 
determine how much liquid is displaced per stroke. The 
hole size and the number of holes in the plate determine the 
resistance to flow through the holes and thus fix the rela- 
tive amounts of liquid going through the holes and around 
the periphery. Thus small plates give much poorer jets 
because of the great tendency for liquid to flow around the 
plate periphery. 

Efficiency studies on a small-scale mixer resulted in a 
characteristic efficiency curve essentially independent of 
the amplitude of mixing. This curve also revealed that there 
was little to be gained by mixing the phases beyond the 
point where about 95°, stage efficiency was achieved it is 
desirable to build flow mixing units with variable speed 
mechanical agitators so that mixing conditions can be 
adjusted to the requirements of the system to be mixed. 
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Phase viscosity and interfacial tension were found to 
have only slight effects on mixing efficiency. On the other 
hand, flow rate and mixer lengths had important effects, 
and could be correlated. 

Experimental data show that flow rate effects on effici- 
ency can be calculated except at very low flow rates. At 
low flow rates the stage efficiency depends mainly on the 
intensity of mixing as defined by the product of frequency 
and stroke. 

In scaling up the 0.022 gallon laboratory unit to the 
7.5 gallon pilot plant mixer-settler unit, the frequency 
stroke product as well as the residence time in the mixing 
zone were made approximately comparable to get the 
same stage efficiency. The large scale unit was operated at 
30 gallons a minute of each phase. The mixers consisted 
of a stack of form 16 s.w.g. steel plates, 18 in. by 5 in. and 
spaced 4 in. apart, and perforated with 150 holes of 0.5 in. 
diameter. The mixing zone was 16 in. high and 6 in. wide. 
In the large unit, somewhat higher mixing intensities were 
needed to get the same number of transfer units per unit 
time as the small unit. However, most of this was due to 
leakage at gaskets and to some light phase bypassing of 
the mixers. By improving these defects, the investigators 
suggest, lower mixing intensities directly comparable to the 
smaller units would be sufficient for high stage efficiency. 


Mechanised Paper Work 


ROGRESS towards the complete mechanisation of 

data collection from the factory floor is restricted by 
lack of the right equipment at the right price—that is the 
conclusion of W. H. BAKER and P. HuGGINS, speaking be- 
fore the Society of Instrument Technology recently. Their 
paper described specific examples of mechanising the 
gathering of information from the shop floor, in relation 
to a tube mill. An all-wired system has been adopted with 
output in punched card or printed form. Both analogue 
and digital instruments have been used. 

In a typical production factory, information is usually 
generated in short bursts, often in several places simul- 
taneously. This therefore requires (1) peripheral equipment 
dispersed around the factory to generate the information, 
(2) buffer storage to gather and retain a stochastic data 
flow, and (3) output equipment tailored to deliver the in- 
formation at a rate and in a format that is acceptable to 
the succeeding data processor. 

In the mill under consideration, there are about 100 draw- 
benches all on batch production of tubes of definite sizes 
and material. Associated with tins mill is other plant such 
as furnaces, pickling baths, overhead cranes, etc., all of 
which form part of the overall planning schemes. From 
the viewpoint of drawbench monitoring, however, it is 
logical to channel information about drawbench production 
into the local data gathering unit, where it can be assembled 
and sorted out for onwards retransmission. This idea can 
then be repeated for other clerical routines to give an 
interlinking data handling system. 

Returning to the cost aspect: considering only one 
clerical routine, that of drawbench instrumentation ; here, 
the authors propose digital counters for recording the foot- 
age and the number of tubes. The two readout counters 
for each drawbench at present cost £80. So an initial 
outlay of £8,000 for counters is required for 100 draw- 
benches; and for the complete installation possibly 
£20,000 ; and tins accounts for only one clerical routine. 
Thus, although some of the data handling devices have 
been reasonably successful from an engineering standpoint, 
and are sometimes commercially justifiable in their own 
right, integration into comprehensive data schemes as 
limited by considerations of cost. 


British Chemical Engineering 
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The “‘partition’’ method for the solution of 
ordinary non-linear differential equations 


NE of the most important tools in the solution of ordinary 

differential equations occurring in the analysis of physical 
systems is the Laplace transformation. This method, however, 
cannot be used for non-linear systems. Starting in 1958 with 
his doctoral thesis, A. A. WoLF has developed a new approach 
to the problem of non-linearities. This has been systematically 
developed (with co-workers Ku and Dietz) over the past three 
years culminating in a recent article* describing the advances 
(made by the new method), in both the analysis and synthesis 
of non-linear systems. 

Wo tr’s method is based on a “partitioning” of the system 
equation so that all non-linear and some linear terms appear on 
the right-hand side. The transposed terms and the original 
forcing function are called the modified forcing function and it 
is shown that with suitable restrictions, claimed to be consis- 
tent with physical realisability, this can be written as a power 
series. The solution to the equation is then obtained as an ex- 
pansion in terms of certain convolution integrals the coefficients 
in the expansion being obtained by recursive methods. 

By partitioning an equation in different ways different forms 
of the unique (because of the imposed restrictions) solution 
can be obtained thus allowing the possibility of choosing a form 
which brings out some specific physical behaviour of the 
system. 

When the partition is such that only the highest order deriva- 
tive remains on the left the expanded form of the solution is 
shown to be a power series and the method is formalised by the 
introduction of two new transformations, the Taylor-Cauchy 
transform for continuous systems and the Laurent-Cauchy 
transform for discrete systems. Tables of transform pairs have 
been constructed and an approximate numerical technique 
developed 

The method is generalised to deal with the analysis of systems 
in which stochastic processes are involved and also with the 
type of problem in the synthesis of non-linear systems which 
was tackled by Bose, Lee and WIENER using orthogonal net- 
works. Wo LF claims that the method may also be used in the 
design of adaptive control systems. 

It must be pointed out that WoLF’s methods have been criti- 
cised, for example it has been said that Laurent-Cauchy trans- 
form is simply the z-transform with a change of notation and 
the Cauchy-Taylor transform reduces to a well known method 
of analysis developed by Fropenius in 1874. However, WoLE 
seems to have satisfactory replies to his critics. 


Some recent advances in the analysis and synthesis of non-linear 


*A. A. Wot 
n 1/.E.£., Paper No. 61 713 
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Hydrocarbon Vapour-Liquid Equilibria 


pee LATIONS for obtaining phase equilibrium K 
A values for hydrocarbon systems, using convergence 
pressure as a convenient composition parameter, have been 
some years. Recently S. T. HADDEN and 
H. G. Grayson have consolidated and extended their 
correlations and presented them in nomographic form. 
The extended correlations apply to light hydrocarbons and 
petroleum fractions at temperatures from 260°F to 
800 F and at pressures up to 10,000 psia. and to certain 
non-hydrocarbon systems 

The nomograms comprise two primary working charts 
relating K to component, temperature, pressure and conver- 
together with ten charts serving as aids 
and 


established for 


gence pressure ; 
in determining the proper convergence pressures P,, 
convergence pressure factors for determining K’s on the 
primary charts. Of these ten charts, two provide respec- 
tively, grid pressure relationship, and requirements for K 
nomogram corrections based on convergence pressure and 
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operating pressure. The remaining eight give convergence 
pressure data for (a) typical refinery mixtures. (b) methane 
lightest component, (c) ethene lightest component. (d) 
ethane lightest component, (e) propene lightest component. 
(f) propane lightest component, (g) n-butane lightest com 
ponent, and (h) pentane, hexane and heptane. 
The systems to which the K correlations apply are: 
(1) mixtures of paraffins and/or olefins 
(2) mixtures of aromatic hydrocarbons up to 150 psia 
(3) special mixtures—methane; hydrogen in toluene. 
benzene and naphtha; hydrogen fluoride in isobu 
tane ; carbon dioxide; hydrogen sulphide in a gas 
oil, in naphtha, and in a mixture of Pegasus crude 
and a natural gas distillate; methyl mercaptan in a 
195 molecular weight absorption oil ; and water in 
propane, in butane in hexane and in a naphtha. 


Petroleum Refiner, September 1961, p.207 


Gas Centrifuge Concentrates Isotopes 


NE of the most interesting of papers given to the recent 
Canadian Nuclear Conference, was that of P. K 

PETERSON (Chief Atomic Products Engineer. Orenda 
Engines Ltd.), who outlined the historical development ot 
the gas centrifuge for the separation of Uranium 235 from 
Uranium 238. Briefly, in the process, the brown oxide. 
UO, is converted into gaseous uranium hexafluoride which 
is passed through a rapidly spinning cylinder so that the 
heavier U 238 concentration increases at the cylinder wall 
By arranging counter current flow through the various 
stages of gas centrifuges and introducing internal thermal 
convection currents it is possible to concentrate Uranium 
235 with at least the same capital cost /concentration ratio 
as in a gaseous diffusion plant. However, power costs run 
approximately one-tenth and the capacity of the plant is 
more flexible than that of a diffusion plant with its mem- 
branes, pipework and compressors due to the large quanti- 
ties of gas which have to be handled in the early stages 
Overall concentration gradients and throughputs may 
simply be changed by altering the number of siages or units 
in parallel, 

Separation varies as the fourth power of the peripheral 
velocity and directly as the effective rotor length. 

Operating at super-critical speeds raises problems such as 
the selection of a sufficiently strong rotor material which 
will withstand the corrosive action of uranium hexafluoride 
As Atomic Energy of Canada has recently acquired the 
rights to U.S. Patents 616223, 612578 and 615723 which 
relate to the gas centrifuge we can look for further develop- 
ments in a field from the country with probably the largest 
uranium deposits in the Western Hemisphere. 


Ultrasonics in Chemical Processing 


IRBORNE sound may become a valuable tool for pro- 
“A cesses as diverse as drug drying, mist precipitation. 
defoaming of liquids and rocket-thrust modulation, accord- 
ing to R. M. G. BoucHER of New York University. Review- 
ing the uses of airborne ultrasonics in chemical processing, 
Mr. BOUCHER has given some particularly interesting data 
on acoustic drying gathered at New York University. 

High-intensity acoustic waves offer an entirely new 
approach to drying, by creating a kind of cavitation at the 
surface of the material to be dried which breaks the 
boundary layer and cancels the absorption field. The 
method is usually most effective when applied to granulated, 
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water has always been valuable 


In the seventeenth century, the water cart rumbling and creaking over 
the cobblestones, brought daily supplies to wealthy citizens. 

Nowadays, Industry requires enormous volumes of water daily—much 
of it recovered from trade wastes. Eimco, manufacturers of clarifiers, 
thickeners, flotators and filtration plant plays an important part in this 
recovery. 

Eimco’s facilities include testing, process design, manufacture and 


installation. Why not discuss your effluent problem with us? 


EIMCO (GREAT BRITAIN) LTD., 


HEAD OFFICE: TEAM VALLEY, GATESHEAD 11, CO. DURHAM. TEL: LOW FELL 7-7241 


LONOON OFFICE: PRINCES HOUSE, PICCADILLY, LONDON, W.1. TEL: REGENT 2184 


December, 1961 Vol. 6 No. 12 827 














porous or fibrous materials with a high surface area to mass 
ratio. 

In the tests carried out at New York University, a small 
scale rotary dryer of the tumbler type by Demister A.B. 
Sweden, was used, with a variable speed of 15-60 rpm 
The high intensity sound source is fixed in the front door 
and radiates in the axis of the tumbler temperature and 
humidity of the air flow leaving the dryer continuously 
and automatically controlled. Tests on a variety of materials 

edible gelatine, blotting paper, yeast cake, alumina gel, 
silica gel and granulated sugar—showed that the rate of 
evaporation can sometimes be doubled or tripled if acoustic 
irradiation is applied. A combination of sound (minimum 
level 143-145 d.) and moderate heat often appears to be 
beneficial. The frequencies used in the experiments 
ranged from 1.2 to 12 kc/s, the highest frequency proving 
the most efficient. The technique can be quite competitive 
with vacuum drying methods ; and it could be used to im- 
prove the economics of freeze drying. A sonic irradiation 
after the bulk of the moisture has been removed in a 
freeze-drying operation might well reduce the total pro- 
cessing time by one-half or two-thirds. 

As regards other applications of airborne soundwaves in 
processing: the classic acoustic method for tackling 
effluent dust problems is not cheap—running expenses will 
usually be higher than 4 kW per 1000 cfm of gas treated. 
For liquid aerosols or mists, a new sound irradiation method 
combined with a mesh arrester is promising, investment 
cost can be very low, and running costs competitive. 


The advent of powerful and economic steam-jet whistles 
may make acoustic defoaming a practical proposition. 
Already experiments have shown that steam-jet whistles at 
12 kc/s can control a foaming rate of 6 ft/min. over a 
1 sq ft area with air consumption as low as 12 cfm of free 
air at 25 psi. 

In rocketry, both the U.S.A. and the U.S.S.R. are investi- 
gating the use of a whistle or high-intensity sound generator 
to send high amplitude waves through a solid-propellent 
core, in the same direction that the combustion gases flow. 
The object is to hasten the gaseous reaction rate in the thin 
flame layer and increase the burning rate and, hence. 
the thrust. 


Chemical Engineering, October 2, 1961, p.83 


Sahara Gas for Britain 


HE decision, by the Minister of Power, to approve the 

Gas Council's plan to import large quantities of 
natural gas from the Sahara should be welcomed by all 
consumers of town gas. As a short-term proposition it 
should lead to lower costs of producing town gas in Great 
Britain even if there is no actual reduction in the price 
paid by the consumer. In the long run it could make 
available, on a larger scale than at present, a third source 
of fuel to supplement indigenous coal and imported oil, 
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and also an additional bulk raw material for chemical 
synthesis. The original plan is to provide one tenth of the 
total gas supplied by the Council, both by reforming 
natural gas to town gas, and by using the natural gas to 
enrich lean gases produced by coal gasification plants such 
as the Lurgi. If this plan is successful—and there is no 
reason to suspect that it might not be—then the Gas 
Council might feel encouraged to greatly expand the im- 
portation of natural gas, provided the political risks 
inherent in such a scheme continue to be considered neg- 
ligible. If that should happen then many industries will 
review their operations both as consumers of fuel and 
consumers of hydrocarbon raw materials for chemicals 
manufacture and synthesis. 

The vital statistics in this connection, quoted by the 
Chairman of the Gas Council, Sim HENRY JONgEs, M.B.E.., 
are that the imported gas (354 million therms/annum) will 
replace 800,000 tons of coal and 400,000 tons of imported 
oil per year. The coal replaced is a relatively small frac- 
tion of the 20 million or so tons used for gas-making each 
year and coal consumption for gas-making purposes should 
not be greatly affected by imports of natural gas. At the 
same time, if 400,000 tons of imported oil can be replaced 
with a cheaper fuel, with prospects of expansion in this 
trend, the scheme will contribute somewhat towards the 
balancing of the Nation’s payments. 

Natural gas will flow through an existing main from 
Hassi R’Mel to Port Arzew, near Oran, where it will be 
liquefied. It will then be transported at —258°F in two 
special tankers designed along the lines of the “ Methane 
Pioneer ™, a prototype tanker which has successfully solved 
the problem of long-distance, sea-transportation of lique- 
fied gas. The gas will be discharged and stored at Canvey 
Island, near London, from where it will be piped along 
an 18 in. steel main to at least seven of the twelve Area 
Gas Boards. 
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‘PELLETISING 
by HEAD WRIGHTSON 


samples of materials 
tested in our 
Pilot Plant 


Head Wrightson Stockton are experienced in 

the treatment of materials and have for over 

50 years specialised in the drying, grinding and 

olf FSS Ral or- bdlelame) Manlial-1e-1)-emm Gal-ti@eelol-1e-lilelal-mials (all 

iT -ilem elalale Mm dal-taamial comer hm comer} merelalt-(e mv aiiamail-lab me) 

i dal-molge)e)i-taal-mehMmailial-ig-1melaelot-t-t-llalem-lalem Tomar 11>) 

extended our activities to provide a consultancy, 

design Frere maar: lalene-lenaeia ng service on pelletising Fe Tale| 

granulating 

There are many applications for pelletisers — 

ORES When finely divided ores, flue dusts, etc. are not 

suitable for feeding direct to Sintering Machines, the mixture 

ro} Maar: t(-iat- LEME Mel-t-t-1-10 Mm dalaele elem Moll) dr-slale melas laim come ih aoe mele: Lalvire ls 
Fale Mmaalela-m el ci@aalct- 10) <i e110 Mm lame) dal-i au or. t-1-1-We]a-m on elalel-Jal ie.) (1-1 a 
rel-tit-oGb-1-10 me ola lelmn (omal-t-) Marc laelstallale mielmmce-lal-yelelar-lilelameltiaelel-1-1- melanie s 
f-y-tellale mel ig-108 mi (oma-tel¥ lon ilelamiv lal 
FERTILIZERS Mixed fertilizers are granulated to eliminate caking 
rolUlalale me) cele-lel-m-lalem com elaehalel-m- melaelelelen Mm. dallolamer-lalel-mell-tialellii-te 


aces 


evenly without dust losses 

CEMENT When the dry process is used for cement manufacture, the 
raw feed may be pelletised prior to feeding to the kilns 

CHEMICALS Certain chemicals are more easily handled if in 
pelletised form. 

OTHER DUSTS Pelletising of flue dusts or noxious compounds 
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Effect of N,O, on Metals and Plastics 


HE presence of Teflon can increase the corrosion rate 

of carbon and stainless steels under the action of hot 
nitrogen tetroxide by 10 or 20 times. This was observed 
by research chemists of the Allied Chemical Corporation. 
U.S.A., in studies of the corrosion of several metals and 
alloys in dry and wet nitrogen tetroxide at temperatures 
between —9°C to +74°C. 

The metals tested under static conditions of exposure 
were carbon steel (ASTM A-285, grade C). stainless steel 
(304-L), aluminium (5086), welded aluminium (5086), 
titanium (75A and 6A1-4V) and high strength steel (PH 
15-7 Mo). Initially the tests were carried out in Teflon-lined 
containers, but because of the marked effect of Teflon on 
the corrosion rate of carbon and stainless steels (but not 
aluminium) the Teflon liners were removed and substituted 
by glass tubes. In these, the corrosion of carbon steel and 
aluminium was less than 0.5 mil per year in N,O, contain- 
ing up to 0.2°., water at 74°C, increasing to 50 mils per 
year at 3.2°/, water and 74°C. Stainless steel and titanium 
showed negligible corrosion under severe conditions, where- 
a. high strength steel showed losses of 0.5 to 1.0 mil per 
year. 

The investigations also included dynamic tests in which 
commercial N,O, was pumped through a system containing 
carbon steel, stainless steel, high strength steel, aluminium, 
polytetrafiuoroethylene and polychlorotric fluoroethylene. 
In these tests the stainless and high strength steels showed 
no significant corrosion; the average corrosion rate for 
aluminium was 0.05 mil per year and for carbon steel 0.33 
mil per year after 205 hours exposure to N,O, flowing at 
a velocity of 10 F.p.s. at 30°C. Teflon and Kel F proved 
to be the most satisfactory plastics tested, but asbestos 
gaskets gave excellent service. 

Cc. W Hayrorp and H. F 


Aitey, A. W Scott, Cerrosion, October 1961, p.10l. 


Glass in Vitriol-Making 


OSHUA WARD who died 200 years ago on November 
eo 21, deserves a place in the history of the chemica! 
industry as the first to use all-glass chemical plant on a 
large scale since he assembled a plant containing some 
hundred large glass globes of 2} ft diameter. which were 
used as reaction vessels for vitriol-making. WARD repre- 
sented a link between the old vitriol makers, who con- 
densed by means of large glass bells, a portion of the fumes 
distilled from green vitriol, and RoeBUcK, with his intro- 
duction of lead chambers. But what was more striking 
was the fact that he could obtain from glass-blowers of his 
time, the surprisingly high technique, which made possible 
the supply of the many globes in a long line “as far as 
the building will suffer,” they were supported on beds of 
sand “which allowed them to have their necks moved 
upwards and downwards in putting in the stoppers or 
pouring out the contents.” 

Since modern industry has now adopted borosilicate 
all-glass plant and since sulphuric acid is always a key 
chemical in any age, WarD should be remembered if only 
for his part in these fields. 

It is fortunate that, apart from reports on his work made 
by layman contemporaries, both R. DossiE in his 
Elaboratory Laid Open and the Frenchman GABRIEL JARS 
in his Voyages Métallurgiques left full descriptions of his 
work. As early as 1736 WARD was experimenting on 
vitriol-making with the old glass bell condensing-system. 
Later he was joined by JoHN Wuite of Twickenham in 
setting up his larger vitriol works ; subsequently he moved 
to Richmond where he caused the Twickenham residents 
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to rebel against the “ obnoxious fumes ~ emanating from 
the process. GABRIEL JARS tells of his visit to WARD’s works 
“sur la route de Londres 4 Wensworth ~ (Wandsworth?) : 
of the globes being fitted with spring stoppers acting as 
safety-valves, and of the brimstone being ignited by red-hot 
iron in the shape of horse-shoes. From Dossite’s account 
it seems that each globe held a gallon of water at the start. 
but when more brimstone and nitre had been burned 
the bulk increased to three gallons, before being withdrawn 
for concentration in stone-clay retorts. Raw materials 
were powdered in “a _ horse-mill with rolling stone.” 
while Dossice also mentions five-inch spoons of appre- 
ciable depth to hold the charges during combustion. 
Warop’s glass globes whether of 50 or 66 gallon capacity 
together with the large glass retorts used by nitric acid 
producers formed an early phase in glass chemical plant. 
one which ended with Roesuck’s lead chambers and those 
platinum concentrators which British interests pioneered 
also. 


DIARY: MEETINGS AND EVENTS 


November 27- December 1 28th Exposition of Chemical 
Industries, 480, Lexington Avenue, New York, 17. 


Institution of Chemical Engineers 


December 5 South-Eastern Branch and Cambridge Uni- 
versity Chemical Engineering Society, Chemical Engineer- 
ing Department, Pembroke Road, Cambridge. Tour of 
Department at 2°30 p.m. Two lectures at 4.30 p.m. “ Mass 
Transfer from a Grid Packing to an Air Stream ™ by P. V. 
DANCKWERTS. “Chemical Engineering Aspects of High 
Temperature, Cooled Nuclear Reactors,” by H. DE BRUIJN. 
December 5 North-Western Branch, The Technical! Col- 
lege, Birkenhead, at 7.30 p.m. “ The Design and Operation 
of Cryogenic Plants.” by D. E. Warp. 


December 6 Midlands Branch, The Midland Hotel. 
Stephenson Place, Birmingham, at 6.30 p.m. * Comparison 
of Sieve Plate Efficiencies for Various Systems,” by S. R. M. 
Erztis and L. M. ROse. 

Society of Chemical Industry 
December 1 Chemical Engineering Group, 14, Belgrave 
Square. London, S.W.1, at 6 p.m. “The Choice of 
Reactor Type for Organic Chemicals,” by K. G. DENBIGH. 
December 7 Chemical Engineering Group, Chemical 
Department, University of Bristol, Woodland Road. 
Bristol, at 6p.m. “The Mining, Smelting and Refining 
of Nickel,” by P. D. WiLMor. 
December 12 Chemical Engineering Group, 14, Belgrave 
Square, London, S.W.1, at 6p.m. “ Production of Low 
Sulphur Aromatics,” by G. CLAXTON. 





December 3-6 Annual Meeting, American Institute of 
Chemical Engineers, New York. Sessions on Flame Theory 
and Plasmas, Processing for Spent Reactor Fuels, Radia- 
tion and Furnace Design. 

December 8 Institution of Heating and Ventilating Engin- 
eers, at the Engineers’ Club, Albert Square, Manchester, at 
6.30 p.m. “Some Important Aspects of Oil-Firing as 
Applied to Sectional and Shell Boilers.” by N. CHaRLES- 
WORTH. 

December 7-8 Iron and Steel Institute and Institute of Metals. 
Symposium on Sintered High Temperature Compounds, at 
Church House, Gt. Smith Street, London, S.W.1, 10 a.m. 

December 14 _ Institution of Mechanical Engineers, Uni- 
versity Engineering Laboratory, Bristol, ‘ Maintenance 
Experience of the Calder Reactor,” by J. R. TREHARNE. 
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TMHE 6th 1.S.F. Congress, organised under the auspices 

of the Society of Chemical Industry (Oils and Fats 
Group), will take place in London from 9th to 13th April, 
1962, the first day being reserved for registration of dele- 
gates, followed by a general meeting of 1.S.F. members and 
an informal social evening. 

The Congress will be formally opened by the Lorp 
FLeCK, President of the Society of Chemical Industry, at 
the Plenary Meeting on 10th April when he and the Presi- 
dent of the Congress. Dr. E. G. Wooproore, will welcome 
delegates from some thirty countries. Over 200 delegates 
have registered provisionally and it is expected that many 
more will do so before the end of the year. 

It is hoped that all the Presidents of previous I.S.F. 
Congresses will be present, namely, PROFESSOR C. PAQuorT, 
Pror. Dr. J. MARTINEZ-MORENO, PRoF. Dr. C. JACINI, 
PRorEssSOR G. GoRBACH and Pror. Dr. ENG. H. NiEwta- 
DOMSKI. Pror. Dr. H. P. KAUFMANN and PROFESSOR T. P. 
HitpitcH, and certain of the past Presidents have kindly 
consented to act as Honorary Vice-Presidents of the 
Congress. 

Lectures at the Plenary Meetings will be delivered by 
Mr. J.C. A. Faure of Unilever, who will consider commer- 
cial trends in oils and fats supplies from a world point of 
view, by Dr. D. Swern (U.S. Department of Agriculture) 
who will speak on industrial utilisation of fats, and by 
Proressor A. C. FRAZER (Birmingham University) who 
will discuss recent developments in the biochemistry of 
fats. 

A programme of some sixty scientific papers has been 


arranged, copies of which may be obtained in advance by 
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intending participants so that as much time as possible may 
be devoted to discussion. Papers already accepted cover a 
wide range of topics and will describe original and un- 
published work. Investigators of natural products will 
discuss flour lipids, olive oil, butter flavours, sperm oil, 
new seed oils and microbial fats. Research on new 
analytical methods will be reported, including techniques 
for locating double bonds, characterising glycerides, and 
separating lipid fractions. Other papers will reflect current 
interest in autoxidation and antioxidants, phase trans- 
formations, differential thermal analysis and spectroscopic 
techniques. In the technological field new rendering, 
refining and manufacturing methods are to be discussed. 

Lectures will occupy two-and-a-half days and will be 
conducted in two or more parallel sections, finishing on 
Thursday morning, 12th April. By courtesy of the Govern- 
ing Body and Rector, the lectures will be held at the 
Imperial College of Science and Technology, London, 
S.W.7. 

The Congress banquet will take place at the Hyde Park 
Hotel on Wednesday, 11th April and there will be evening 
receptions on other days. Visits for a limited number of 
delegates to research and industrial establishments in and 
around London have been arranged for the afternoon of 
Thursday, 12th April, and there will also be visits to Cam- 
bridge and Oxford on Friday, 13th April. A separate 
social programme has been arranged for ladies accompany- 
ing the delegates. 

The Preliminary Programme of the Congress will be available in the near 


future and copies may be obtained from the Congress Secretariat, 14, Belgrave 
Square, London, S.W.1 








WWh WO WO WWW WN ~~ 
‘PROF 


N SY 








BRADFORD INSTITUTE 
OF TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


Arising from the rapid expansion of the Diploma 
in Technology course, further additions to the 
existing academic staff are required Applications 
are invited for the posts of 


PRINCIPAL LECTURER IN CHEMICAL 


ENGINEERING WELLINGTON TUBE pale a ———— ae = 
SUEC egree s ard (or e 
SENIOR LECTURER IN CHEMICAL WORKS LIMITED i Gm of Cheniest Bae on 
ENGINEERING — i of sales and hn = 
. . e ee experience i the field f 
Oo seme Great Bridge, Tipton, Staffs medium / heavy engineering. This is sa 
important position with corresponding 


LECTURER IN CHEMICAL ENGINEERING 


i amenities, superannuation etc 
(2 posts) requires Would applicants please send full details of 
Candidates (either male or female) should have AN ENGINEER of Graduate Level for lage bed gua to Managing 
good academic qualifications and have suitable work connected with the application of 
industrial experience; previous teaching experience heat exchange equipment to all industrial 
would be an advantage. Excellent facilities for fields The work includes design and 
research are available. development, but ability to conduct 


Salary scales, which are subject to revision at an 
date, are as follows 

£1,750 to £1,900 per annum 
£1,550 to £1,750 R 
£1,370 to £1,550 


early 
Principal Lecturer 
Senior Lecturer 
Lecturer 


ance 


Applicants must 
equivalent 
about 
actual plant 
the chemical 
but candidates 
also be considered 


experience at a 
in fixing 


industrial or research 
taken into account 


Previous 
suitable level will be 
the commencing salary 


RESEARCH ASSISTANTS 


Young men and women are invited to apply for not 
the posts as Research Assistants in the Department 
for research to be conducted in fields such as 
heat transfer fluidisation and powder technology 
Suitably qualified persons may have an opportunity 
to submit theses for higher qualifications 


essential, (but 


Company 


wit) minimum 


would be Graduate responsibility 


Chemical En- 


qualification 
Institution of 


The minimum 
Membership of the 





CHEMICAL or MECHANICAL 


ENGINEER The job 


The Heat Exchange Division 


technical discussions with potential users of 
the Company's products is of equal import- 


have 
in Chemical or Mechanical 
Preferably 
24/27 and have 
operation 
works or petroleum refinery. 


with other 


Specialised knowledge 


help) since this will be gained within the 


The post is one which calls for initiative, 
enthusiasm, and the ability 

direction and 
Commercial 
liking for travel are also important: a Com- 


SALES MANAGER: SOUTHERN AREA 


required by The Bryan Donkin Co. Ltd., 
Chesterfield, manufacturers of Turbo 
Blowers, Reciprocating machines and 
Governor equipment for the pressure con- 
trol of industrial gases. 
involves personal representation 
under the general] supervision of the 
London Director and in collaboration with 
the Installation Manager based on London 
Office. 

The requirements of the post include a 











LOUGHBOROUGH COLLEGE OF 
TECHNOLOG) 


a university degree 
Engineering or 
they should be aged 
some experience of 
or maintenance in 


Leicestershire 


experience will 
suitable Applications are invited for a Lecturer 
in Chemical Engineering from persons 
having a First Degree or equivalent 
qualification in Chemical Engineering. 
Chemistry, Mathematics or Physics. Some 
industrial experience is desirable but not 
essential, 


of heat transfer is 
course would be of 


to work hard 
maximum 
acumen and a 





gineers or equivalent, and the salary scale (now pany car will be provided . , f 
under review) is at present £520 to £1,000 (plus Salary scale £1,370 to £1,550 per annum. 

graduate and training allowances) Applications, in strictest confidence, giving 
Further particulars and forms of application may pe M nan gg Fg op ge & Application form and further particulars 
. sine . -gisire ena . 11). alifications, » % i» @ . - . 
be obtained from the Re isirar (I epartment A be odiisces® to The Biscnoew, Seat mav be obtained from the Academic 

Bradford Institute of Technology, Bradford Recheses Biviiien at the shove adivess 
xchi sion 3 ‘ ‘ ° oi . > 22 ¢e > 
HENRY PATTEN Registrar. (In reply please quote 
Clerk to the Governors ref. 31/AM.) 
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WANTED 


Collaboration for Venture in India 


(1) For process “know how to Manufacture High 
Prices Speciality Chemicals in small multipur- 
pose Batch Operation Plants 

(2) For design and construction of Package 
Chemical Plants. 


Interested Manufacturers, Designers and Consult- 


ants please make your offers to 
Mirbros (Gt. Britain) Limited 
%. Wormwood Street, Bishopsgate 
London, E.C.2 


PARTICIPATING IN THE COMMON 
MARKET ? 


Interested in the chemical and petroleum indus- 
tries (or providing equipment for them)? What- 
ever vour problem marketing and economic 
studies, obtaining or selling licences for processes 
and equipment. ncgotiating joint ventures and 
partnerships, responsibility for complete installa- 
tions, etc.—consult E.R.P.I. ETUDE et REALISA- 
TION de PROJETS INDUSTRIELS 

Head Office: 26 rue de la Pépinitre, Paris 8tme 
(EURope 27.00, Cables) ERPIPROJETS) and in 
New York 














CHEMICAL ENGINEERING. Guaranteed Home 
Study Courses for A.M.I.Chem.E. exam. The high- 
est percentage of successful candidates—up to 
one third in consecutive years—have been trained 
by T.1.G.B. Everyone seeking promotion in the 
Chemical and Allied Industries should send for 
the T.1.G.B. “Guide to Success."" 100 pages of 
expert advice and details of wide range of guaran- 
teed (Exam and Diploma) Courses, including 
A.M.1.Mech.E., A.M.1.Prod.E., B.Sc. (Eng.) 
Courses in individual subjects also available. Send 
for your copy today. —FREE. T.1.G.B. (Dept. 43) 
29, Wright's Lane, London, W.8 





WE OFFER YOU... 


the most selective professional appointment service of its kind. 





In view of the present heavy demand in the chemical \ 


industry for personnel of all kinds, a particularly attractive feature of BRITISH CHEMICAL ENGINEERING 


is our “Professional Appointments Service.” 


WE AIM TO HELP SOLVE YOUR STAFF PROBLEMS! 


If you wish to insert an advertisement please send your copy (using BLOCK LETTERS to avoid errors) to: 


Russell Street, London, W.C.2. 


Cross out words not required. 
NAME 


ADDRESS 








Please insert our advertisement as under for the next 


BRITISH CHEMICAL ENGINEERING, 
DRURY HOUSE, RUSSELL STREET, LONDON, W.C.2. 
TEMPLE BAR 3422 


To: The Classified Advertisement Manager, BRITISH CHEMICAL ENGINEERING, Drury House, 
Temple Bar 3422. 


All copy for advertisements is subject to the approval of the publishers, who also reserve the right to 
decline or cancel any advertisement. 
COPY (To avoid errors please use block letters) 


.issue(s). Display Panel. Plain Type. Heavy Type. 








- - _— 














7s. 6d. FOR 3 LINES (MINIMUM) 6d. per word extra. 
2s. extra for box number. £2 2s. Od. per single column inch. 
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£4 4s. Od. per double column inch. 
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MANY INSTALLATIONS 


CJB Kittel Plates give you the best Vapour 
Liquid Contacting methods so far devised. More 
than 100 plants in the U.K. are using Kittel plates 
for distillation, (from | micron to 50 atmospheres) 
for gas scrubbing, for mist elimination and for direct 
gas cooling. 

A variety of Kittel Columns are working success- 
fully for 1.C.l. Wilton, Billingham, Heysham, 
Huddersfield and Manchester; for Petrochemicals 
Ltd., Carless, Capel & Leonard Ltd., Fisons Limited 
and over 20 other British Companies. 

Abroad CJB Plants are working in Yugoslavia, Iran, 
India, South Africa and Australasia. 

CJB experience in the design and supply of 
complete Counter Current Process Equipment is 
unique. It is at your disposal. 















BCE 899 for further information 
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CONSTRUCTORS JOHN BROWN LIMITED 


A member of the John Brown Group 








CJB HOUSE, EASTBOURNE TERRACE, PADDINGTON, LONDON, W.2 


Telephone: AMBASSADOR 8080 Telex: 25356 Cables: CIVANIC, LONDON 
also at MANCHESTER, MELBOURNE & TEHERAN. 
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GRAPHITE 
BLOCK 
HEAT 
HXCHANGERS 
offer you... 


compactness, robustness, easy maintenance and 





extreme flexibility (variety of header 
designs and materials allows units to be 
easily adapted to alternative pass 
arrangements and different processes). 
High thermal conductivity under 


corrosive conditions. 








A MEMBER OF THE 
POWELL DUFFRYN 
GROUP 





POWELL DUFFRYN CARBON PRODUCTS LIMITED 


designers and manufacturers of chemical plant in carbon and graphite 
Springfield Road, Hayes, Middlesex. Telephone : Hayes 3994 aca 
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Wanted: a Closer Partnership 


DISCUSSION of industrial/university relations* dis- 
A closed the existence of a number of problems of vary- 
ing magnitude affecting the quality and quantity of 
graduates in chemical engineering from colleges of tech- 
nology and universities. 

While one would hesitate to argue from the particular to 
the general—the paper under reference dealt with experi- 
ences at one seat of learning only—it would be surprising 
indeed if the experiences described did not find their counter- 
part in other universities. In this particular case, while it 
is recognized that industry often gives handsome funds to 
universities and maintains personal contacts by consultancies 
and other means, the actual links between industrial under- 
takings and the university are often tenuous. 

As a result, certain aspects of the university effort suffers 
and industry loses some benefits which it might otherwise 
obtain. 

It is believed that in 1965 some 50 per cent more students 
will graduate in the technologies than in 1961, and in view 
of the expansion in demand for chemical engineers some- 
thing like twice the number of students are likely to enter 
the universities as prospective graduates in chemical 
engineering. The capacity to absorb this higher proportion 
obviously places a strain of some sort at every seat of 
learning. At Manchester University one difficulty is a tem- 
porary shortage of space and something resembling the 
U.S. “co-operative plan” has been considered to meet the 
difficulty, but it is doubted whether the staff to carry out 
such a plan could be recruited. 

Whatever practical measures are taken to educate more 
chemical engineers—and this is where the present weakness 
of the partnership becomes apparent—their ultimate destina- 
tion in industry remains uncertain. 

A closer partnership would be able to give students a 
clearer picture of their future and provide a better method 
of selecting graduates for industrial posts. The present pro- 
cedure, in addition to being fallible as a means of selection, 
has an element of indignity for the student and it serves the 
not-useful purpose of diverting him from his studies at a 
critical time in course work. 

To overcome these objections, especially the last men- 
tioned, the idea of graduate apprenticeships offered by 
industry towards the end of the student's penultimate year 
has been put forward. : 

Another outcome of the tenuous link is that little is 
known of industry’s reaction to the greater output of chemi- 
cal engineers and of the fields of endeavour that would be 
open to graduates apart from those embraced by normal 
engineering functions. There is an opportunity here for 
industry to advance some ideas for new education disciplines 
consistent with the widening scope of chemical engineering. 
The sphere of post-graduate advanced study is another where 
a closer understanding would prove of great value, for it 
could augment the supply of subjects for study which could 
lead to developments transcending their immediate objec- 
in Chairman's address, Manchester Section, 


* Proressor FE MorToN 


S.C.1., 1961 


No. 12 


Vol. 6 
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tive. Providing the specialists to help with short courses of 
advanced lectures—a feature which is fairly well developed 
at some universities—is another field where industry can 
collaborate usefully. 

There are a number of other aspects of university life 
which could benefit from an improved link; there is a need 
for many more research fellows who could devote all their 
time to research and there is the ever-present shortage of 
teaching staff. From the point of view of better education 
and of more research, including better research opportunities 
for teaching staff, these are perhaps the most pressing of 
problems. 

PROFESSOR MorTON here suggests, in relation to research 
fellows, that if the demands for chemical engineers are within 
sight of being satisfied then industry, for its part, ought to 
consider the return of some of its best quality men to the 
universities. 

He may be mistaken in his first premise, although not in 
his general aim. Looking further afield, if a rate of industrial 
expansion of 4 per cent were to be a target—considerably 
greater than any experienced in Britain in recent years 
but still low by the best European standards—then the 
estimates of technologist requirements given earlier are too 
low. A new demand would require many more teachers than 
are at present contemplated and clearly the main immediate 
source of additional teachers are the graduates employed in 
industry. This would add weight to the plea for feeding back 
industrial technologists to the university. 

Judging from its own high expansion rate, the chemical 
industry may be one of those least able to do just this, but 
the necessity calls for sacrifices and these would certainly 
benefit industry in the long run. In any case, many tech- 
nologists in industry are wasted in purely administrative 
posts where they are more highly paid than they would 
be as straight technologists. 

It is also possible that industry could afford to release some 
of its better men in the chemical engineering field if better 
use generally was made of its technologists, for there are 
grounds for believing that a high proportion of graduates 
in industry are employed in fields having little connection 
with their basic training. PROFESSOR EDGEWORTH-JOHNSTONE 
showed in his report on the work of some 2500 or more 
chemical engineers that a great deal of effort is diverted to 
management and report-writing. PROFESSOR MorRTON noted 
a number of fields in which industry would benefit from 
the closer relations he is urging. Here we might again refer 
to PROFESSOR EDGEWORTH-JOHNSTONE’S report. His experi- 
ence, which many practising engineers will confirm, is that 
a large part of the chemistry, physics and mathematics used 
in industry is below university entrance standard, This situa- 
tion would surely be eliminated were closer links to exist. 

What ought to be done to improve industrv/university 
relations? This is a difficult subject, because the onus for 
making the improvement rests mainly with industry. How- 
ever. the suggestion of a conference ranging over the whole 
subject is a welcome one, if only as an initial step. 
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The existence of a critical temperature of the heating 
surface limits the region of nucleate boiling, which follows 
from a number of experimental data, and can also be 

deduced theoretically; the onset of film boiling can also be 
predicted by a criterion based on the vaporization of a molar 
fraction G in the neighbourhood of the heating surface, 

at a maximum superheat ©Omaex. 

A generalized equation is derived for determination 

of boiling curves. It is deduced that the regions of convection 
and nucleate boiling of a boiling curve can be calculated from 
three only heat flux values, and from the nucleation 

function. In this way the effect on heat transfer is shown 

of the number of active nuclei generating vapour bubbles on unit 
area of heating surface. The generalized equation is 

applied to water boiling at atmospheric pressure. 

It is shown for boiling liquids that the favourable 

effect of vapour bubbles on heat transfer is caused by their 
periodic disturbance of the liquid boundary layer at the heating 
surface, and not by their direct transport of energy 


from the heating surface to the liquid-level surface 


by S. J. D. VAN STRALEN 


3.1. The Critical Temperature of the Heating 
Surface for the Region of Nucleate Boiling 
HE onset of film boiling at a critical transition-point of 
ie boiling curve is well known from numerous experi- 
mental data; e.g., Part I.* The occurrence of a critical tem- 
perature of the heating surface in nucleate boiling can also 
be deduced theoretically. One can predict the existence of 





J. D. VAN SrRALeNn studied Physics at Groningen University, and since 
1959 has been Senior Scientific Research Associate at the Laboratory of 


Physics and Meteorology of the Agricultural University, Wageningen, The 
Netherlands 

* Readers are referred to Parts I and II of this article (see Brit. Chem 
Ene... 4 8. and Brit. Chem. Ene., 4, 78) 
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HEAT TRANSFER TO 
BOILING BINARY 


LIQUID MIXTURES 





Cte ne 





Water, boiling at a pressure of 10 cm Hg (boiling point 
50.6°C) and at a heat flux of 7.3 cal sec~* cm 
Photographs showing nucleate boiling (1) and film boiling 
(2) on a platinum heating wire with a length of 

6.4 cm and a diameter of 0.02 cm 


in nucleate boiling separate vapour bubbles originate at 
special spots (nuc lei) on the heating surface 

in film boiling the wire is surrounded by a coherent layer 
of vapour, in consequence of the higher surface 


temperature 
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metastable states of superheated liquid from Van der Waals’ 
equation of state, and analogous to this of sub-cooled 
vapour, before condensation occurs necessarily by exceeding 
a critical temperature drop." 

In Fig. 1 T denotes the usual boiling point at pressure 
Po. Superheating of the liquid without evaporation is possible 
when heat is supplied to the vapourless liquid at this con- 
stant pressure. The path in Fig. 1 is then from U to W. 
Isotherms of gradually increasing temperature are inter- 
sected; e.g., the isotherm 7}, at point B. However, the liquid 
cannot be heated beyond the temperature 72 at point V, 
where complete evaporation occurs,” i.e., the maximum 
superheating of the liquid amounts to 72 — T. 

In the theory of section 1.2.2.4.1 the molar fraction G, 
which is vaporized in the neighbourhood of the heating 
surface, is an important quantity with respect to the growth 
of vapour bubbles, after the initial phase is passed. The 
value of this parameter was determined empirically by 
introducing Equation (9) of Part I. We assume the value of 
G to be constant for the entire region of nucleate boiling of 
a boiling curve (compare section 3.2.2). This is in accordance 
with the photographs 5 and 6 of Fig. 12 for 12.7 per cent 
wt of M.E.K. (methylethylketone) boiling at atmospheric 
pressure (Part I). 

We can deduce now a criterion for the onset of film 
boiling; i.e., film boiling occurs at a maximum superheating 
Omar, When a molar fraction G is vaporized in the neigh- 
bourhood of the heating surface. This criterion is in accor- 
dance with the above-mentioned criterion arising from Van 
der Waals’ equation of state. This is caused by the increase in 
molar volume by vaporizing a fraction G, i.e., proceeding 
at constant pressure p, from point U to a point to the right 
of B, if the superheating at B amounts to 7; — T = Omaz.. 

Consequently, the maximum superheating, occurring for 
G = @, T2— tT > Gass 

The maximum value 7;—T can be realized experi- 
mentally with a liquid of high purity and a clean container, 
i.e., in the absence of nuclei. KENDRICK et al.’ showed, for 
example, that JT. — T = 170°C for water, heated at atmo- 
spheric pressure in a glass capillary tube. 

The critical temperatures tmor. = Omar. + T of the plati- 
num heating wires, used in this investigation for the binary 
liquid mixtures, containing 4.1 per cent wt of M.E.K. and 
1.3 per cent wt of 1-butanol respectively in water, are prac- 
tically equal to the value for water at atmospheric pressure 
(Figs. 3, 4 and 6 of Part I). This accordance is also valid 
for 4.1 per cent M.E.K. and water, at a pressure of 42cm 
Hg (Fig. 5 of Part I). Qnaz. decreases gradually with increas- 
ing pressure for water boiling at different pressures (Fig. 2 
of Part I and Fig. 14 of Part II), in agreement with results 
of Appoms.! 

The area of the cylinder with radius D/2 + ro, repre- 
sented in Fig. 2, amounts for water, boiling at atmospheric 
pressure, to: 


an (2 +n) t= 35 cm! 


where r, = average radius of vapour bubbles, on the moment 
when they are released from a platinum heating wire. The 
maximal area of intersection with mmar. vapour bubbles 
(compare section 3.5), growing in phase at the nuclei, can 
be approximated by: 


Mwmez. = Po? = 1.1 cm? 


i.e., at peak flux maximally 30 per cent of the area of this 
cylinder is covered with vapour. For 4.1 per cent wt of 
M.E.K. one finds 1.3 cm? and 0.4 cm? respectively, i.e., also 
30 per cent. This may be of importance in connection with 
another criterion (Part I, section 1.2.2.4.2), stating that film 
boiling occurs as vapour bubbles merge into each other in 
the neighbourhood of the heating surface. 
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3.2 Energy Balance Applied to the Boiling Curve 
for 4.1 per cent wt of M.E.K. at Atmospheric 
Pressure 

3.2.1. Region of Convection 

In this region the law of conservation of energy can be 
expressed by: 


q 
() - 7 iaeaan nie 
where we take the values for water at 100°C, ie., c= 
specific heat (1.007 cal g-' °C), p =density of liquid 
(0.958 g cm~) and Veonv. = flow rate (cm* sec) of liquid, 
which is heated from the boiling temperature T to the wall 
temperature JT + 9 on unit area of heating surface. 
In Equation (1) we shall take: 


Veonv. = Constant. 


This approximation is justified, as the boiling curves are 
represented by straight lines in the region of convection 
(Figs. 2, 3, 5 and 6 of Part ID. 

The transition from the region of convection to the region 


of nucleate boiling occurs at the point {O, = 14°C; (2) = 


5 cal sec-! cm~*} (compare Fig. 3 of Part I). By substitution 
of these values in Equation (1) one finds, that: 


(2) 
A 
We suppose this contribution (2) to be valid in the entire 


region of nucleate boiling up to the critical temperature 
difference 9mar. = 34°C, where: 


A conv., max. 


We shall show, however, that this assumption is not of 
essential importance. 

It may be noticed, that for natural convection, according 
to GrOBER, ERK and GRiGULL,‘ and to a correlation of 
McADams* : 


- 0.357 . sone 


conv. 


= 12.2 cal sec—! cm-? ee 


Veonv. = constant . 0°-* joe 
For a horizontal heating wire with a diameter of 0.02 cm 


one calculates from (4) the heat flux to water at 100°C and 
for 9, = 14°C to: 


(2) = 1.5 cal sec—! cm-*, 
A}o 

Our experimental value (5 cal sec-' cm-* cm) exceeds this 
value considerably. Probably this difference is caused by 
the cenvection currents set up at the externally heated 
bottom-plate of the glass boiling vessel (Fig. 1 of Part TI) and 
by the finite dimensions of this vessel. 


3.2.2. Region of Nucleate Boiling 
For this region Equation (1) is generalized to: 


a (2) (2) 
A  \A boil. + A 


= {((1—G)cO+ G2} © wou, 


. oe 


cony. 


with (according to (3) and Fig. 3 of Part I): 
(4) 
A 


where (2) originates from additional convective agita- 
/ boil. 
tion, caused by the generation of vapour bubbles on the 


heating surface, and from vaporization. For the latent heat 


conv. 


- (5) 


= 49 = {(1 —G)c Omax. +G ra} P Vboil., max. 
+ 12.2 ....(6) 


max. 





* The part of the heat flux, which is used for creation of vapour bubbles at 
the heating surface, can be neglected, according to ROHERNOW and CLARK.”* 
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of vaporization, we take again the value of water at 100°C: 
A = 539 cal g™ 
The molar fraction G, vaporized in the neighbourhood 
of the heating surface, was determined empirically, from 
Equation (9) of Part I, to: 
G = 0.002 


We suppose this value of G to be constant in the entire 
régime of nucleate boiling of a boiling curve, i.e., G is 
independent on 9. This assumption is justified by Equation 
(9) of Part I and by the photographs of Fig. 12-5 and 12-6 
of Part I (compare section 3.1). 

Equation (5) is nearly insensitive to the value of G, on 
condition that restriction is taken to small values of this 
parameter, as the vaporization contribution is only a small 
fraction of the convective heat transfer. 

From Equation (5) we can calculate: 

Vdoil., maz. = 0.85 eeee (7) 
From Fig. 3, which was derived from Fig. 3 of Part I, we 
find empirically for the nucleation function: 


m 


— = 0.053 (0 — 14) ...-(8) 
We suppose that: 
Voor. = V1. — — 
A 
with 7; = constant in the entire region of nucleate boiling. 


The physical meaning of this equation is that we assume the 

nuclei to have no mutual effect; i.e., their density on the 

heating surface is not too high (compare section 3.1). 
From Equations (7), (8) and (9) one sees, that: 


Voor. = 1.062 xX 10-* (8 — 14) secu 


By substitution of this result in the energy Equation (5) 
we find: 


q 


a 10-4 (1.023 ©* — 41.86 0* + 555.3 8? + 1410 0 


— 3010) ....(1)) 


a polynomial of fourth degree for the boiling curve, which is 
valid in the régime of nucleate boiling, i.e. for 14°C =9 
< 34°C, and for a horizontal platinum heating wire with a 
diameter of 0.02 cm. 

This equation is based on the measurement of only two 
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(transition) points of the boiling curve, i.e. | (4) and 


| max: (4) | and on Equation (8), which shows the 
\ A} max. J 

density of nuclei as a function of temperature difference 
between heating surface and first transition point 9p. 

The important effect on heat transfer is shown clearly 
here, of the number of active nuclei, generating vapour 
bubbles on unit area of heating surface (compare section 
3.3). Equation (11) deviates not more than 3 per cent from 
the experimental curve in Fig. 3 of Part I; the heat flux 
data are accurate to 1.5 per cent. 

It may be noticed that in fact we have to replace Equation 
(5) by a modified equation in the region of nucleate boiling, 
which takes into account the decrease in heating area of the 
surface, caused by the presence of the active nuclei with 
vapour bubbles, according to: 


(2) 0.3570 |1 fend) vee (12) 
A conv. | J 

where ry» = average radius of “nearly spherical” vapour 
bubbles on the moment, when they are released from the 
heating surface. 


One can write for the multiplication factor: 

= fife wel 
where f; depends on the angle of contact «, characterizing 
the wetting of the surface, The factor f. depends on the 
average size of a vapour bubble and consequently also on 
the pause, before a new vapour bubble originates on the 
same nucleus, after the preceding bubble broke off. The 
value f2 = 0.25 seems to be a reasonable estimation, accord- 
ing to Jakos.® For water-platinum « = 10° — 20°*, and we 
estimate f; ~ 0.1, so f ~ 0.025. We take this value also in 
Equation (14) for 4.1 per cent wt of M.E.K., boiling at 
atmospheric pressure. 

In order to obtain the same Equation (11) in the entire 
region of nucleate boiling, the decrease in natural convec- 
tion must be replenished by a higher convection contribu- 
tion, caused by the agitation of the vapour bubbles; i.e., we 
have—according to Equations (8) and (10)—the identity: 


0.3576 {0.053(8 — 14)*} =r? = BCL — G)c8p 
{1.062 x 10-*(8 — 14)*} .. ++ (14) 
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For the constant in the right term we find now 8 = 0.01. 
This effect is of no importance in this case, where good 
wetting of the heating surface by the liquid occurs (f is 
small), and where rp is small. But in general its physical 
consequence is that the two contributions to heat flux, 
caused by natural convection and by agitation of the 
vapour bubbles respectively, cannot be calculated separately 
with high accuracy. For the calculation of the boiling 
curve (11) the knowledge of these contributions is of no 
importance, but only their total amount. 


3.3 The Generalized Equation for Boiling Curves 
It is in general apparent from the energy balance (5) that: 


(4 {cl —G) © + 2G} ¢ vou, «++ (5) 


with: 
, ~y m » 
Vboil. = fae? 1 
We assume for the nucleation function, which can be 
obtained only empirically, that: 


constant. 


m 


74 ooee(15) 


A 
-.% 
-_— ™ m; (© — ©) 
as. 


j=l 
From Equations (5) and (17) it can be deduced that: 


(‘) 
A} boil. 


(4) 
A boil., max. 


As restriction can be made to small values of G, we can 
approximate (16) by: 


(4), I 0 n a (1 


ci-GO+ AG m 
_ c (1 — G) Omax. + AG ; Mmax. es 











Qe ° | m 
2 c\ 
©) } Mmax. 


and so we see that the boiling curve can be represented by: 


$a(8) 4 (2) - 
A A} boil. A, conv. 





(4) : 
A} boil., max. le 4 a (1 © G | 
Omax. c Omax. | 
k 


> mj (Oo — 0.) 





- + (4) sot 
2 mj (Omax. @,)/ 
j=l 
In the case of m; = 0 for j = 1,..., k — 1, Equation (15) 
reduces to: 
m mk 
— = © —SF soon 


A 
The value of the coefficient m;, from (18) is then of no 
importance for Equation (17), only the exponent k. For 
4.1 per cent wt of M.E.K., boiling at atmospheric pressure, 
‘ = 3 was found empirically. If Equation (18) is valid, one 
can reduce (17) to: 





a) 
= , ‘ ‘ie 
q (2 boil., max. / A ® | © — 0, ) 
os ® ea —_ 
A Omax. + c (: Omer. G; (<— —@p, 
4) 
+ t= aeeetae 
| A} conv. (19) 


Equations (17) and (19) show clearly the importance of the 
nucleation function (15) or (18) for the shape of the boiling 
curve. When this function is known (empirically), restric- 
tion can be made to a (very accurate) experimental deter- 
mination of only three points of a b@giling curve, i.e., the 
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which are the limits of the region of nucleate boiling, and 
an arbitrary point in the region of nucleate boiling, in order 
to determine the value of G. 

The effect of the nucleation function on the shape of the 
boiling curve is illustrated clearly by Figs. 4 and 5. 

Fig. 4 shows the heat flux to whey [i.e., 0.9 per cent wt 
of protein and 4.8 per cent wt of lactose in water (curve 1)], 
and to a dilution containing 3.2 per cent vol of whey in 
water (curve 2), in reference to the curve for water (curve 
3). These boiling curves were determined at a pressure of 
10cm Hg.” 

A rapid increase in precipitation of coagula on the heat- 
ing surface occurred in whey at a definite heat flux (12 cal 
sec~' cm~*), and the platinum heating wires burned out at a 
relatively high average value of 24 cal sec~' cm~*. 

For 3.2 per cent whey, the data of two different wires 
tallied satisfactorily if the heat flux did not exceed 13 cal 
sec~' cm~*. One of these wires, however, showed film boil- 





ing at this value. The other wire burned out at 26 cal sec 
cm~’, 

The average size of the vapour bubbles decreased 
gradually, and the slope of the boiling curve was negative 
in the middle part of the region of nucleate boiling. The 
wire was Only slightly contaminated in this case, and 
apparently a favourable effect on the formation of bubbles 
and on the coefficient of heat transfer was shown by a very 
thin coagulation layer. 

It follows from Figs. 5 and 4 that the boiling curve for 
3.2 per cent whey in the region of nucleate boiling, is 
completely determined by the shape of the nucleation 
function. This is a fair confirmation of section 3.2.2. 


3.4 Water at Atmospheric Pressure. 

It is apparent that Equation (9) of Part I is of no impor- 
tance for the determination of the value of G in a pure 
component. Consequently, we follow the procedure of 































Symbols Used 


Yq 
h 40 
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, tae. / Omax. 
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4 1 max 
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ro 
Rr 
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Hil 


i il 


sec; 


Ar 
(T) 
4 


nue ue i 


mar 


nucleate boiling, °C. 





A = area of surface of test wire, sq cm; 
B,C = constants in platinum temperature equation, 
D = diameter of test wire, cm; 
E = potential drop across test wire, V; 
F — 


constant in vapour-bubble growth equation, cm sec-+ °C-'; 
G = vaporized molar fraction at heating surface; 


coefficient of heat transfer in test surface, cal sec-! cm-? °C-'; 


maximum coefficient of nucleate boiling-heat transfer in test surface, cal sec~! cm=* °C-; 


equilibrium constant of most volatile component in binary liquid mixture; 


number of degrees of mercury-in-glass thermometer, emergent from the lead or silicon oil 


I = electrical current strength through test wire, A; 
k = thermal conductivity of platinum, cal sec-! cm-! °C}; 
K= 
L = length of test section of heating wire, cm; 
n= 
in the thermometer tube; 
p = absolute pressure, kg* cm~*; 
Pc = critical pressure of water, kg* cm~*; 
Pr P = reduced pressure of water; 
Pe 
q = heat flow in test surface, cal sec; 
‘= heat flux in test surface, cal sec! cm~-*; 


maximum nucleate boiling-heat flux in test surface, cal sec! cm~-?; 

radius of growing vapour bubble, cm; 

average radius of vapour bubbles at the instant of breaking away from the heating wire; 
electrical resistance of test wire at boiling temperature of liquid, Q; 

growing time of vapour bubble before leaving the neighbourhood of the heating surface, 


tmaz, = Omax, + T = maximum temperature of heating surface occurring at maximum nucleate boiling, °C; 


boiling temperature of component A, B and azeotrope at atmospheric pressure, °C; 
liquid velocity (cm sec~'), equals flow rate (cm' sec~') of liquid, which is heated on unit area 


molar fraction of most volatile component in liquid boundary layer surrounding a vapour 


molar fraction of most volatile component in bulk liquid, at minimum average bubble size; 
temperature difference between dew temperature of vapour bubble and boiling tempera- 


T = boiling temperature of liquid, °C; 
Te = To + AT; + AT2 = corrected observed boiling temperature of liquid, °C; 
To = observed boiling temperature of liquid, °C; 
Tp = boiling temperature of water at pressure p according to vapour pressure table, °C; 
Ta, Tr, Tas = 
Veoar = 
(cm*) of heating surface in the region of convection; 
e= 
bubble in a binary liquid mixture; 
@o = molar fraction of most volatile component in bulk liquid; 
Zon = 
AT = 
ture of bulk liquid, °C; 
AT; = calibration error of mercury thermometer, °C: 


AT, = stem correction of mercury thermometer. °C; 
superheating of boiling water, ° 
multiplication factor in temperature difference equation, °C; 

temperature difference between heating surface and boiling liquid, °C; and 

temperature difference between heating surface and boiling liquid at the maximum of 
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Ratio = ‘‘Maximum (4) 
A m 


TABLE |. Survey of Data Concerning Boiling Points, Azeotrope and Mazimum Peak Flux of Platinum Heating Wires in Binary Systems at Atmospheric Pressure. 


in Mixtures / (4) 


in Component A’’, and Average (4) 17.8 cal sec~' cm~* for Water. 
mar. mar. 


G molar fraction, vaporized in the neighbourhood of the heating surface. The selected values of G were determined by introducing Equation (7) of Part I: 


temperature difference between dew temperature of vapour bubbles and 
















































































At — AT (@o, m) = O, where At = superheating of boiling water ~ 0.6°C and AT (@o, m) 
boiling temperature of bulk liquid, containing a molar fraction @o, m of most volatile component B at minimum growth rate of bubbles. 
Component Boiling point Azeotrope Data at max. peak flux 
‘ — Oe T4 Tz Ta: | %B T “%B G 
Cc Cc Cc wt mole Ratio Cc wt mole 
water ie aceton "a — ; 100.0 56.4 : non-azeotrope 2.0 78 12 0.003 
water methylethylketone 100.0 79.6 73.5 88.7 66.6 2.6 89 4 1.0 0.002 
water : ethanol ‘| 100.0 | 78.3 | 78.1 95.6 | 89.4 17 86 20 9 0.015 
water 1-propanol 100.0 97.2 87.7 71.8 43.3 1.9 91 12 4 0.015 
water t-butanol 100.0 82.5 79.9 89.5 67.6 2.2 2.4 0.6 
water 1-butanol 100.0 117.8 92.4 62.0 28.4 2.5 97 1.6 0.4 0.015 
water 1-pentanol 100.0 137.8 95.8 46.1 14.9 3.1 96 1.8 0.35 
water l-octanol 100.0 195.1 99.4 10.5 1.6 1.7 99.7 0.35 0.05 
water i @ ammonia _ i, 100.0 —33.2 i non-azeotrope 1.6 57 15 16 0.004 
~ J-butanol water ~~ L at7.8 | 100. 924 | 380 | 71.6 1.2 | 100 6 21 " 
1-pentanol water 137.8 100.0 95.8 53.9 85.1 1.3 4 16 
ethylene glycol | water | 497.6 | 100.0 non-azeotrope 13 | 174 2 7 
dioxane ce im methanol _ a : 101.2 64.6 4 non-azeotrope 1.3 75 2 5 
2-chloro ethanol di-iso-propylether 128.0 68.4 non-azeotrope 19 91 8 6 









































section 3.3 for the determination of the boiling curve for 
water. 

For this liquid (Fig. 2 of Part I) we have the transition 
points 


fQ, 8°C; (4) 2.85 cal sec~! cm-?} and {Omax. 


AFC: (4) 15.85 cal sec~! cm-*}. 


max. 

In order to approximate the nucleation function (15), 
solutions of the form (18) have been tried, with the 
exponent k = 3. One finds, by taking for the coefficient ms 


the average value, that 3 = 0.039 (Fig. 6). So we have: 


m 


- 0.039 (8 — 8)* «e+ (20) 


From (19) and (20) follows now: 


$~) + (2) 
A A! boit. A 


conv. 


1.54 10-4 {O + (535 — 25 ©) G} (0 — 8)® + 0.3570 
osee(2e) 
4) 4) 4 
| A boil., max. | A max. | 4 _ max. meen 
— 7.68 SIF ose sQZz) 


Comparing (21) with the experimental boiling curve, it 
can be seen that the difference is less than 15 per cent for 
G = 0. So it can be concluded that the value of G is small 
The experimental data are not sufficiently accurate for 
exact determination of G. (For separate points of the boiling 


curves ‘ is accurate to 1.5 per cent and ® is accurate to 


et 

A value of the order G = 0.01 shall be reasonable for 
water also, according to Table 1. It is then apparent from 
(21) that the boiling curve for water, at atmospheric 
pressure can be represented by: 


. 1.54 x 10-4 (0.750 + 5.35) (© — 8)? + 0.3570 


i.e. : 


45600 — 4220) 
++ (23) 


t — 10-4 (1.15504 — 19.48% + 24.002 
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3.5 The Effect of the Vaporization Contribution at 

Peak Flux 

We suppose in this section that the vapour bubbles are 
spherical with an average radius r, on the moment when 
they are released from the heating surface."* This assumption 
corresponds to complete wetting of the heating surface 
(compare sections 3.1 and 3.2.2). 

Water. The maximum number of nuclei generating vapour 
bubbles on unit area of the heating surface occurs at the 
critical temperature. For water, boiling at atmospheric 
pressure, one finds from Fig. 6 or Fig. 2 of Part I: 


Mmax. 35 
ee on see <2 
A 0.31 - a 
We estimate from Fig. 12-1 of Part I: 
rp ~ 0.1 cm ers 


Jakos® concluded from motion pictures for water and 
carbon tetrachloride that: 


ee 


i.e., independent on the value of rm, where v = frequency 
of bubble formation on a nucleus. 

It is apparent from Equations (24), (25) and (26) that the 
flow rate (cm* sec~') of vapour, released from a unit area 
of the heating surface at critical temperature, can roughly 
be expressed by: 


2vry = 9.3 cm sec™! = constant 


> Mmex. 4 5 
V y Vs 3% rf = 
The latent heat of vaporization 4 = 539 cal g-' and the 
density of vapour p' = 0.000598 g cm~* for water at atmo- 
spheric boiling point. It follows now from (27) that a heat 
flux of 6.8 cal sec-' cm~* is supplied to the vapour bubbles 
at critical temperature difference 902. = 21.5°C, i.e., about 
40 per cent of the peak flux (15.85 cal sec-! cm~*). 
4.1 per cent wt of M.E.K. For this mixture r, ~ 0.03 cm 
(compare Fig. 12-3 of Part I), i.e., v = 155 sec7'. 
From Equation (8) follows ‘that : 





21 oe (27) 


heen. , ‘ 
—— = 425 nuclei cm—*. 


In this case V = 7.5; i.e., not more than 2.4 cal sec~! cm~* 
is supplied to the vapour bubbles, adhering to the heating 
surface, i.e., 6 per cent of the peak flux (40.9 cal sec™! cm~* 
at Ones. = 34°C). oes (28) 

It must not be overlooked that the heat flux, which is 
transferred directly from the heating surface to the adhering 
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10 15 
— 6-20 (°C) 


A 3.2 per cent vol of whey at a pressure of 10 cm Hg 
Number of active nuclei m, generating vapour bubbles on a 
platinum heating wire, as a function of temperature difference in 
5 the region of nucleate boiling. The dimensions of the wire are 
length L 5 cm, diameter D 
surface A 0.31 cm’. 
The figures denote experimental data, derived from Fig. 4 


= 0.02 cm and area of 


vapour bubbles, may be considerably smaller. 

A comparison of the results for 4.1 per cent of M.E.K. 
and for water shows that a smaller vaporization contribu- 
tion at the heating surface can be associated with a 
higher peak flux. So it is proved now also for boiling liquids 
that the favourable effect of vapour bubbles on heat trans- 
fer is not caused by their direct transport of energy to the 
liquid-level surface (where a higher vaporization rate 
occurs).* Contrarily, it is apparent that the increase in heat 
flux is caused by the periodic disturbance of the liquid 
boundary layer at the heating surface. The same conclu- 
sion was drawn by ROHSENOW and CLARK,” who studied 
motion pictures for suwb-cooled water in surface boiling. 

The release of the bubbles (GUNTHER and KReITH® and 

dr 


ROHSENOV and CLARK") or the initial growth rate, 


(FoRSTER and ZuBer*—compare Equation (8) of Part I), 
depending here on © instead of the liquid superheating 4r, 
is considered to be responsible for the increased heat 
transfer. 

From (6) and (10) follows that the maximum vaporiza- 
tion contribution for 4.1 per cent wt of M.E.K. amounts to: 
GApvrou. = 0.8 cal sec~' cm~* 
when a molar fraction G = 0.002 (compare section 3.2.2) 
is vaporized in the neighbourhood of the heating wire, i.e., 

30 per cent of (28). 

A molar fraction G is vaporized in the neighbourhood of 
the heating surface. This neighbourhood shall be localized 
to the superheated boundary layer, surrounding a heating 
wire. It is apparent now that the average thickness of this 
boundary layer, disturbed by the periodic appearance of 
vapour bubbles, is of the order of 0.01 cm. This is in agree- 
ment with measurements of PriGerR,’ and with the thick 
ness S§ of the undisturbed boundary layer in the region of 
convection : k 


s= ; ~ 0.005 cm. 





* It may be worth noticing that the released vapour bubbles grow during 
their passage through the (slightly) superheated bulk of boiling liquid. How- 
ever, the corresponding amount of latent heat of vaporization has in the 
first instance been transferred from the heating surface to the liquid and 
only in the last resort to the bubbles 
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0 Hp re ad ee oe 
“3 0 5 10 


—= 6-8/(°C) 


Water at atmospheric pressure. Number of active nuclei m, 

generating vapour bubbles on a platinum heating wire, as a 
6 function of temperature difference in the region of nucleate 

boiling. The dimensions of the wire are: 

length L = 5 cm, diameter D = 0.02 cm and area of 

surface A = 0.31 cm’, The figures denote experimental data, and 

the curve represents the approximation by the nucleation 


function m 0.012 (O—8) i.e. = = 0.039 (@— 8) 


where k = thermal conductivity (=0.00163 cal sec-! cm~ 
C~' for water at 100°C), and fA = coefficient of heat 
transfer (compare Fig. 2 of Part I). 
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Corrections 


The Performance of Condensers for Corrosive Vapours 
by F. R. WHITT 
(Vol. 6, No. 11, November, 1961, page 760) 


In Table I of the above article, for *‘Methylchloroacetate’’ should 
be read “‘Ethylchloroacetate” and for ‘‘Methylphosphoric dichloride”’ 
**Methylphosphonic dichloride’ should be substituted. 

The phrase “‘cooled thimble in. dia... ."" should be read “‘cooled 
thimble, 3} in. dia.. inside shell 6 in. dia."’ 





In the item entitled Important Symposia for London, Athens and 
Paris, Vol. 6, No. 10, October, 1961, page 695, reference is made to 
“the Second Chemical and Petroleum Exhibition’’. This should have 
read ““The Second Chemical and Petroleum Engineering Exhibition’’. 
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A contact plant with a rated capacity of 
100 tons/day manufactured by The Power-Gas 
Corporation Ltd. 
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THE SULPHURIC ACID 


INDUSTRY AND ITS 


ECONOMIC ASPECTS 


The influence of the availability of raw materials, particularly 

French recovered sulphur, is assessed. The major types of plant 
and recent trends in their design are described and the 

basic features of the industries of the world’s leading producers 
are reviewed. An explanation is given of the dominant role 

of the contractor as a builder of acid plants, and typical 


figures are given for the costs of various types of plant 


by V. C. MARSHALL 


ULPHURIC acid is produced from many different raw 

materials by a great variety of processes and, in attempt- 
ing to review the subject, a considerable problem in selection 
arises. The aspects of the industry which are reviewed are 
those which bear either on modern industrial trends or on 
economic factors. 


Raw Materials and Final Acid Specification 

The nature of the raw material and the strictness of 
specification influence the type of plant required. The purer 
the raw material or the less rigid the specification of the 
acid, the simpler the plant. 

An elementary knowledge of chemistry will show that 
the only raw material problem is a suitable source of sul- 
phur, the other materials required being air and water. 
Unfortunately, though sulphur is the fourteenth most abun- 
dant element, the most readily available source, calcium 
sulphate in the form of anhydrite or gypsum, is not the most 
suitable starting point for the manufacture of the acid for, 
though acid is made from these materials, it demands a very 
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heavy capital outlay. Instead, the most important sources 
of sulphur are (1) elemental sulphur; (2) the sulphides of 
iron, copper and zinc; (3) sulphur in fuels, 

Elemental sulphur from volcanic regions such as Sicily 
has been used for centuries to make the acid. No doubt the 
association of sulphur with these subterranean fires led tu 
the idea of hell being a place of burning brimstone. 

Today the most important source of elemental sulphur is 
the Gulf of Mexico, where both the U.S.A. and Mexico are 
producers. The geological formations with which the sulphur 
is associated are known as “salt domes” and are associated 
with petroleum deposits. The sulphur is won by the well 
known Frasch hot water process which produces a product 
containing a minimum of 99.5 per cent § and remarkably 
free from solid impurities. However, the sulphur contains 
some hydrocarbon impurities which give rise to trouble 
when it is burned, and, unfortunately, there is evidence that 
the quality of the sulphur is slowly deteriorating in this re- 
spect. In addition, by the time the sulphur reaches the point 
of usage, solid matter adventitiously introduced during 
transport can reach a concentration high enough to make 
necessary the provision of special features in the design 
of sulphur burning plants. The transport of molten sulphur 
greatly reduces contamination risks. This form of transport 
is now widely used in the U.S.A., but is not yet important 
in the U.K. It would not, however, be beyond the bounds 
of possibility to ship it molten from France. 

The metalliferous compounds of sulphur include iron 
pyrites, sphalerite (ZnS) and a variety of copper ores. In 
certain instances sulphuric acid.is made, less as an end in 
itself, than as a means of disposing of SO. which would 
otherwise be an intolerable nuisance, The ores are seldom 
pure and can contain objectionable impurities such as 
arsenic. 

Coal is well known to contain sulphur, and the other 
fossil fuels are seldom found without it. As proteins usually 
contain about 0.4 per cent by weight of sulphur it is not 
surprising that coal, oil and natural gas should be sources of 
sulphur, HS being a familiar product of organic decay. 

The sulphur in coal finds its way into the sulphuric acid 
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industry almost entirely through coal gas manufacture via 
“spent oxide”’ which arises from the purification of the gas 
to remove HS from it. In recent years the great growth in 
oil refining has produced a notable increase in the quantity 
of sulphur to be obtained from the petroleum industry. 
There are a number of processes for freeing hydrocarbon 
oils from H.S, but in the main they result in producing a 
mixture of CO, and HS, and, provided that the gas is 
sufficiently rich in HS, sulphur can be recovered from it 
by the well-known process which utilizes a controlled com- 
bustion promoted by a catalyst, the overall reaction being: 
2H2S + SO, = 3S + 2H:O 

The recovered sulphur from this process is very pure. 

A source of recovered sulphur which has become very 
important is the Lacq deposit of natural gas in South-west 
France. Within a few years it has altered some very old- 
established trends in Western Europe and its importance 
justifies detailed discussion. 

Considered as a source of natural gas, the Lacq deposits 
are not exceptionally large, the present production of gas 
from this source being less than 2 per cent of the world 
total. But what is striking is the HeS content, which is 15 
per cent by volume, and as a result the Lacq field is now 
producing about 1,300,000 metric tons of sulphur per annum 

equivalent to about 4,000,000 tons of sulphuric acid,’ a 
figure which appreciably exceeds the U.K. sulphuric acid 
production. It is hardly surprising that, in addition to cap- 
turing a considerable portion of the sulphur market, Lacq 
is forcing producers previously wedded to pyrites raw 
material to consider the advantages of using the much more 
convenient sulphur. 

Production of sulphur at Lacq commenced in 1957 with 
an installation capable of treating 1 million m* of crude 
gas per day, and by 1962 it is hoped that this rate will have 
been increased to 20 million m* per day. The gas contains 
15 per cent H.S, 9.6 per cent CO, and a mixture of propane, 
butane and gasoline. The purification process has recently 
been described in detail.” 

In the future evidently Western Europe will not be so 
seriously affected by any shortage of American sulphur as 
was the case in 1951. 

The specification of product acid can range from pure SO; 
to a fairly impure acid of about 70 per cent H.SO,, ranging 
through a number of different strengths of oleum (H:SO, 
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containing SO, dissolved in it) and acids of 98 per cent and 
94 per cent strength. For the production of acid of 94 per 
cent strength and upwards a contact plant is necessary and a 
high level of production of oleum or pure SO; may exclude 
certain metalliferous raw materials from consideration, the 
problem here being connected with the water balance of 
the plant which precludes the use of the weak roaster gases 
from certain smelting processes. 


Types of Plant 

There are two principal ways of making sulphuric acid. 
The first utilizes oxides of nitrogen and the second the 
catalytic conversion of SO, to SO; at temperature above 
400°C. The former process is carried out in chamber plants 
and their intensive variants, tower plants—the latter process 
in contact plants. There can be no doubt that the latter 
process is replacing the former and that the only catalyst 
of any importance today is vanadium pentoxide. 


Chamber and Tower Plant 

A modern chamber plant consists of (1) a burner to pro- 
duce SQ,; (2) a Glover tower; (3) an ammonia oxidation 
unit to produce oxides of nitrogen; (4) a series of chambers; 
and (5) a Gay-Lussac tower or towers. 

Controversy over the chemistry of the process is probably 
as old as the process itself, but there is now general agree- 
ment that the course of the reactions is complex and includes 
the formation of both sulphonitronic and nitrosylsulphuric 
acids, the oxidation of SO, to H»SQ, taking place through 
these intermediate compounds. 

The economics of the process are closely tied to the 
attainment of the maximum recovery of the oxides of nitro- 
gen. The Gay-Lussac tower is a key factor in this regard; 
in it the exhaust gases are scrubbed with cold 78 per cent 
acid which dissolves the oxides to give nitrosylsulphuric 
acid. This acid is then pumped to the Glover tower, where 
the hot gases from the sulphur burner strip out the oxides 
and return them to the chambers. Apart from this, the 
Glover tower also conducts an appreciable portion of the 
reaction, some estimates placing this as high as 50 per cent 
of the total acid produced by the plant. The Glover tower 
also concentrates the weak chamber acid fed to it. For 
every pound of acid produced about 41b are pumped over 
the Gay-Lussac and about 5 Ib are pumped over the Glover 
tower. 
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9 ADS burning plant, Geelong, Australia. 
(Courtesy of Simon-Carves Ltd.) 





Sulphur recovery plant, Lacq. (Courtesy 
of Société Nationale Des Pétroles 
d@’ Aquitaine.) 


4 Sulphuric acid contact plant system, 
Petersen. 


The removal of the heat of reaction from the chambers is 
conducive to efficient operation and for this reason the Mills 
Packard system became popular. In this type of plant the 
flow is conventional, but the chambers, instead of being rec- 
tangular boxes, are in the shape of truncated cones which 
assist the flow of water down the outsides. 

Glover towers nowadays are built in acid-resisting brick 
with or without an external lead sheeting; Gay-Lussac 
towers are similar but of lighter construction. The chambers 
are, as is well known, built of sheet lead; under favourable 
circumstances their life is long but is shortened by high 
chamber temperatures or by acid strengths in excess of 
73 per cent. The factor operating in the latter case is the 
enhanced solubility of oxides of nitrogen which then attack 
the lead. The acid produced may be very impure, particu- 
larly if iron pyrites is the sulphur source, and it is restricted 
in strength to about 78 per cent. 

The function of the Glover tower as an acid producer 
became known soon after its introduction, and this led to a 
number of applications, such as the replacement of the 
chambers by towers—for example, in Petersen and Kach- 
karoff plants. 

The typical Petersen plant consists of five towers—a 
denitrating tower, two production towers and two Gay- 
Lussac towers. The towers are normally built in acid-resisting 
brick. The plants are particularly suitable for handling a 
feed gas of fluctuating SO. concentration and a number 
have been built in the U.K. 

Two Kachkaroff plants have been built in Britain to 
process SO, from the burning of spent oxide; the gas 
is usually too impure for use in a contact plant. A typical 
installation consists of a concentration tower, a denitra- 
tion tower, four reaction towers and a filter tower, the 
latter corresponding to a Gay-Lussac tower. A feature of 
this design of tower plant is the high concentration of oxides 
of nitrogen in the system (about 10 per cent as N2O;) and the 
rather high strength of the product acid (about 82 per cent). 
Construction is usually in acid-resisting brick but, where 
the temperature permits, they can be sheeted in plastic 
materials such as unplasticized P.V.C. 


Contact Plants 
Excessive first cost and susceptibility to “poisoning” have 
led to the virtual disappearance of platinum catalysts, this 
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in spite of its lower kindling temperature and the smaller 
catalyst volume required. They have been replaced by 
vanadium pentoxide. 

Contact plants vary enormously and it is not easy even 
to classify them. However, an examination shows that, in 
the main, they fall into three main categories according to 
the method of treating the SO: gas before it enters the 
catalytic converter. 

In the first category the SO2 gas is dry when it leaves the 
burner, and is not cooled below about 300°C before enter- 
ing the converter. In the second category the gas contains 
water vapour, but is kept hot on its way to the converter. 
In the third category the gas contains water vapour when 
it leaves the burner and it is cooled, washed and reheated 
on its way to the converter. These three main types of plant 
are associated with three types of raw material—the first 
with elemental sulphur, the second with HS and the third 
with metallic sulphides, calcium sulphate or sludge acid. 


Sulphur Burning Plants 

The type of plant in which the gas is kept both dry and 
hot is the one most usually adopted for burning elemental 
sulphur. About half of all the acid produced in the world 
is produced in plants of this character, There are seven 
essential stages in the flow scheme of these installations— 
these are: (1) sulphur melting and settling; (2) the drying 
of the combustion air; (3) sulphur burning; (4) cooling the 
SO, gas to a temperature suitable for entering the con- 
verter; (5) stagewise conversion to SO;; (6) SO; cooling; (7) 
SO; absorption in 98 per cent acid. Where oleum production 
is desired a separate absorption stage before the absorption 
in 98 per cent acid is necessary. 

Each of these stages may be carried out in a number of 
different ways and the number of permutations theoretically 
possible runs into millions, and even if one excludes the 
combinations which are without technical or commercial 
justification one is still left with over a thousand different 
plants which have, at some time or another, been built to 
suit customers’ individual requirements. About a dozen 
large contracting firms compete in the world market, each 
with its own range of designs. 

In the vast majority of plants, solid sulphur is received 
and is first melted by steam coils. Theoretical calculation 
of melting rates is almost impossible on account of the 
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anomalous viscosity-temperature relationship for sulphur, 
whereby the viscosity of the liquid at first decreases, and 
then rises rapidly at temperatures above 150°C, so much so, 
indeed, that the liquid becomes like thick pitch. For this 
reason there is no benefit in steam pressures in excess of 
100 psig; indeed, higher pressures do more harm than good. 
The rate of melting is considerably improved by agitation, 
usually by a factor of about six, and on large plants 
agitation is generally used. 

As well as melting the sulphur so that it can be pumped, 
the melting process boils out moisture present in the solid 
sulphur. Most sulphur, as well as containing water, contains 
some solid matter, known as “ash”, which has been picked 
up during transport or storage. The catalyst beds are sensi- 
tive to dust accumulation and act as exceedingly efficient 
traps for fine particles in the gas stream. Accordingly, means 
must be found for removing the dust from the sulphur. 
Originally this was done solely by settling the sulphur and 
installing a hot gas filter to trap the small particles which 
still passed into the gas stream. The solids settled out from 
the sulphur during its slow passage through a tank in 
which the retention time was 48 to 72 hr. A more recent 
development has been sulphur filtration, in which case the 
hot gas filter is no longer necessary. A leaf-type filter is used 
and claims have been made that there are definite economic 
advantages to be derived from its use in larger installations, 
although an economic disadvantage of some consequence 
is the loss of sulphur which occurs through retention in the 
cake; at some locations there is a market for the sulphur 
contained in filter cakes. 

The drying of combustion air is very important for a 
number of reasons not immediately obvious. If the air is 
not thoroughly dried, acid mist will be formed when the 
gas is cooled after conversion, and as this mist is difficult to 
absorb it will appear as a dense plume in the gas issuing 
from the plant exit stack. The need to reduce atmospheric 
pollution has caused a great deal of attention to be focused 
upon these emissions. Unfortunately, however well the com- 
bustion air is dried, hydrocarbons in the sulphur will still 
cause water vapour to be present in the SO, gas and there 
seems to be some correlation between the slow increase in 
hydrocarbon content of Frasch sulphur and the deteriora- 
tion in stack appearance at the U.K. plants. 


Sulphur Burner Practice 

The traditional sulphur burner is a vertical, brick-packed 
tower. The heat release per unit volume from such towers is 
very low because of poor mixing of air and sulphur, a 
shortcoming which leads also to local hotspots and conse- 
quent refractory failure. The molten sulphur trickles over the 
packing, a further source of trouble when the sulphur con- 
tains hydrocarbons since these form “carsuls” or S-C com- 
pounds of indeterminate composition which burn very 
slowly only. Thus a great deal of attention has been given 
recently to improving sulphur burners, and modern types of 
burners give far higher heat release rates than traditional 
burners. This has been accomplished, in the main, by spray- 
ing atomized molten sulphur into the combustion space, the 
latter being now substantially empty instead of being packed 
with chequer brick. This spraying of sulphur resembles well- 
established oil burning practice, but the problem is more 
complicated because sulphur tends to solidify between 150° 
and 200°C. The burner design must take this into account 
and must prevent overheating the molten sulphur. Manu- 
facturers are now claiming gas strengths of up to 18 per cent 
(maximum theoretical strength = 21 per cent SO, by 
volume), but 14 per cent would seem to be a safe figure, 
taking into account the danger of sulphur sublimation in the 
event of an interruption of the air supply. There seems 
little doubt that the future will see an extension of the use 
of the intensive burner and a decline in the use of the 
traditional burner. 
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The gas leaving the sulphur burner is always too hot to 
enter the converter and all plants have an SO, gas cooler. 
This can, in a small plant be a simple atmospheric cooler, 
a watertube waste heat boiler in a large plant, or a firetube 
boiler in plants of intermediate capacity. Usually the gas is 
cooled to about 450°C, but in some designs the gas is 
cooled well below that figure and reheated to above 400°C 
by heat exchange with gas passing from the first pass of the 
converter to the second. The variety of means available for 
cooling and the differing degree to which the gas is cooled 
make for a considerable number of design variations for 
this stage of the process alone. 

In those plants which do not possess sulphur filtration, 
the SO, cooling stage is usually followed by the hot gas filter, 
a vessel packed with a material such as crushed firebrick 
which traps a substantial portion of the dust in the gas. 
Even where sulphur filtration is included, hot gas filters are 
sometimes installed as a further safeguard. 

The reaction kinetics of the reaction SO. + 40, == SO; 
are well known, and only a brief reference is necessary 
here. The forward reaction is exothermal and therefore high 
conversion is favoured by low temperatures. On the other 
hand, low temperatures are accompanied by low reaction 
rates and the reaction practically ceases altogether at tem- 
peratures which are much below 400°C. The reaction pro- 
ceeds in stages, each stage being followed by cooling the gas 
to a suitable temperature. These stages are usually called 
“passes”, 


Optimum Design 

The optimum distribution of catalyst and the optimum 
temperature of entry into each pass are still matters of 
controversy, and it has been reported that leading con- 
tractors in the field are using computers to solve the prob- 
lem, though it would seem doubtful whether anything will 
emerge from these studies, which will be radically different 
from present practice. 

For example, a recent paper* discusses the determination 
of optimum conditions in contact manufacture using a com- 
puter, and where the flow sheet is purposely made artificial. 
It would appear that the problem of optimum design, that is 
the flow scheme which when operated under optimum con- 
ditions gives the lowest annual cost, taking into account 
both capital charges and running costs, is one of astonishing 
complexity. This is brought about by the vast range of 
possible flow schemes and the need to build into computer 
programmes the physical limitations of each item of appara- 
tus used. 

Broadly speaking, about 75 per cent of the conversion 
may be assumed to occur in the first pass, about 18 per cent 
in the second, about 4 per cent in the third and about 1 per 
cent in the fourth, each pass having approximately the same 
amount of catalyst in it. A law of diminishing returns is 
clearly followed and in the circumstances a fifth pass would 
hardly be worth while. In practice economics are usually 
overridden by legal requirements specifying the maximum 
concentration of unreacted SO: which may be discharged 
from the exit stack, and the quantity of catalyst provided 
must be adequate to achieve this requirement at the end of 
its service life. 

The degree of conversion is bound up with the gas 
strength, or, more precisely, with the SO, to O: ratio in the 
gas. As a general rule the economic gas strength has been 
found, throughout the world, to lie between 7 per cent and 
8 per cent SO. by volume. A lower gas strength means a 
more favourable SO, to O» ratio and leads to improved 
conversion or alternatively to the achievement of the same 
conversion with less catalyst. At the same time, a lower gas 
strength demands either a greater capital outlay because 
the equipment has to be large, or higher power costs for the 
blower, or both of these increased costs. 

No part of a sulphur burning plant can be more variable 
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in design as its converter system. Cooling between passes 
has been accomplished by internal and. external heat ex- 
changers, waste heat boilers, steam superheaters, econo- 
mizers, cooling loops and by the introduction of cool, dried 
air, and the number of combinations which have been tried 
in practice is very large indeed. The method which has 
gained most ground in recent years has been the method 
which introduces cool air. Here the main plant blower 
handles sufficient air to produce a gas strength of, say, 
7 per cent, but only part of this goes to the sulphur burner 
to give a gas of about 10 per cent leaving the burner. The 
remainder of the air is then admitted between passes in the 
converter and thus cools the gas down to a suitable tem- 
perature for entering the succeeding pass. Eventually the 
gas will be so diluted that it emerges from the converter 
with an SO; content corresponding to a gas strength of 
7 per cent SO, entering the converter. This arrangement 
offers appreciable advantages; there is no need for expensive 
heat exchangers around the converter and such equipment 
as sulphur burners and waste heat boilers can be of smaller 
dimensions. 

Converted gas can be cooled by a number of methods, the 
most favoured for large installations being the passing of 
gas through a feed water heater or economizer. Most acid 
plants finally cool the SO; gas by passing it through the 
familiar atmospheric serpentine cooler, 

Absorption systems have many variants. Absorption 
towers are usually constructed in mild steel lined with 
brick and packed with acid-resisting rings; drying towers are 
usually the same as the absorption towers. In a sulphur 
burning plant the drying tower dries the combustion air and 
it is quite usual for the two towers to share a common acid 
circulation. The acid must have a strength of at least 98 per 
cent to absorb SO;. The rate of circulation over the towers 
is so high that the strengths do not change appreciably in 
passing down the tower. For example, the absorbing acid 
strength rises by about 0.3 per cent only in the tower and 
there is an even smaller reduction in the concentration of the 
acid passing down the drying tower. From the bottom of 
both towers the acids usually run into a common tank 
where the strength is adjusted back to 98 per cent by the 
addition of water, some of the water required to satisfy the 
material balance of the plant being derived from the air. 
If oleum production is required, then an oleum tower which 
absorbs SO; into oleum is installed prior to the main 
absorption tower. 

The absorption of SO; and the drying of air are both 
processes which liberate a great deal of heat and this has to 
be dissipated by coolers installed either between the towers 
and the tank or between the circulation pump and the return 
to the towers. Here again there is considerable variety in 
arrangements. 


Wet Contact Plants 

In these plants the raw material is usually H2S, which is 
burned to yield a mixture of SO. and water vapour mixed 
with nitrogen and unconsumed oxygen. No attempt is made 
to dry the gas, and therefore considerable quantities of acid 
mist are formed. This mist is removed by ceramic filters or 
mist electroprecipitators. The water balance on such a plant 
does not permit all the make to be produced as 98 per cent 
acid. 


Cold Gas Plants 

The use of SO» gas derived from metallurgical operations 
in contact plants requires the provision of expensive gas 
cleaning equipment, a factor which places a premium on 
roasters which can produce a strong SO: gas and therefore a 
reduction in the size of the required gas cleaning equipment. 
Straightforward roasting, with a limited supply of air to 
produce the high gas strength which is desirable, would lead 
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to high temperatures, temperatures which would exceed the 
fusion temperature of the ash. Hence, special measures have 
to be adopted to dissipate some of the heat of combustion, 
and thus prevent excessive furnace temperatures. 


Iron pyrites is the commonest metallic sulphide to be used 
as a source of SO: and in this instance the sulphide is roasted 
for its sulphur not its metal content, as opposed to the 
smelting of zinc and copper, where the reverse is the case. 


The hearth roaster is one of the oldest devices for burning 
pyrites, It exists in a number of modifications which are 
known under various names such as the Herreshoff, the 
Wedge, etc, but consists essentially of a steel shell lined with 
fire brick and contains a number of hearths one above the 
other. Each hearth is circular in plan and a central, air- 
cooled shaft occupies the vertical axis of the furnace. 
Attached to the shaft are a number of arms at the level of 
each hearth, each equipped with teeth which rake the burn- 
ing pyrites into a spiral path. The path is, alternately, from 
inside to outside or from outside to inside on succeeding 
hearths. The hearths have drop holes at either the periphery 
or the centre. In this way the pyrites which is fed on to the 
topmost hearth gradually works its way to the bottom, 
burning as it goes, and is discharged as cinder from the 
bottom hearth. In this type of roaster the heat losses through 
the walls and the air-cooled shaft are sufficiently high to 
permit a gas strength of about 9 to 10 per cent SO: without 
slagging. The German firm of Humboldt have developed a 
hearth roaster which recirculates some of the outlet gas 
through a waste heat boiler and back into the lower hearths, 
for which more intensive combustion and a higher heat 
recovery are claimed. 

Though it is the oldest type of roaster to remain in 
general use it is still in use because it has a number of 
advantages. Of them the most important relate to the 
further utilization of the cinder. Through the relatively slow 
rate at which the pyrites is heated on the top hearths, it is 
possible to distill off any arsenic present in the ore and 
thus to produce a relatively arsenic-free cinder. This is 
important if the cinder is to be used for steel making. On 
the Continent the practice of collecting cinder for sintering, 
with the aim of using pyrite cinder for feeding to blast 
furnaces is highly developed. Another benefit of the hearth 
roaster is that it provides cinder from copper pyrites which 
can be leached for copper recovery more conveniently than 
that produced by some other types of roaster. 

The flash roaster, which enjoyed considerable popularity 
in the early ‘fifties as a roaster for pyrites, has lost some of 
its earlier popularity, probably because it can only deal 
with finely ground pyrites. Essentially, it is a large, empty, 
brick-lined chamber into which the finely ground ore is fed. 
In order to achieve a high gas strength without slagging, part 
of the exit gas, after cooling in a waste heat boiler, is 
recycled back to the roaster. As would be expected, the 
cinder from this roaster is very finely divided and the greater 
part is carried over with the gas stream. 


The turbulent layer roaster is a fluidized-bed roaster 
which is capable of accepting a feed containing particles up 
to 6 mm in diameter. The problem of obtaining a high gas 
strength without slagging is solved here by installing steam 
raising elements in the fluidized bed, and these control the 
furnace temperature at a safe level. This type of roaster 
has been developed by the Badische Soda und Anilin Fabrik 
of Germany. ‘ 

Another ingenious solution to the problem of controlling 
roaster temperatures is put forward in the Dorr Fluosolids 
roaster. Here the pyrites is fed as a slurry into a fluidized 
bed and the temperature is controlled by spraying water into 
the bed. 

Both of the roasters referred to above are capable of 
yielding a gas of about 12 to 14 per cent SO, and both have 
a heavy carry-over of dust in the gas stream. 


845 














EXPORT 
STEAM 








sO 
A} STEAM_ (6) SO, 








SULPHUR 


“7H 
A 
+) 











SO, 








© ks 


x 
® © | pa] 
l=2 = 























> 


f 
, FFE Fe DILUTION 


WATER 





AIR AIR 









TAIL 
GAS 


98% ACID MAKE 





©1@ Re 
® AIR 








No. | waste heat boiler. 
No. 2 waste heat boiler. 
Common steam drum. 


Schematic arrangement, ! ! 
13 
Hot gas filter. 14, 
15 
16 


sulphur burning contact plant. 
1. Sulphur melting compartment. 


2. Sulphur settling compartment. 
3. Sulphur burner. 


. Four-pass converter. 
. Heat exchanger. 
. Atmospheric cooler. 
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. Hearth roaster. 
. Electro-precipitator. 


. Stabilizing tower. 


. Pump tanks. 


. Fan. 


Denitration tower. 
Production tower. 


Regeneration tower. 
No. | nitration tower. 
No. 2 nitration tower. 
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. Absorption tower acid cooler. 
. Acid pump tank. 


Drying tower acid cooler. 


. Drying tower. 
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Metallurgical gas purification follows a number of 
stages; the removal of dust by cyclones; followed by dedust- 
ing by electro-precipitators; and washing and cooling with 
water. The latter process gives rise to acid mist which is 
removed by mist electro-precipitators. The gas is then dried 
in a drying tower similar to that installed on a sulphur 
burning plant. It is now at a temperature of about 60°C and 
has to be heated up to about 400°C before entering the con- 
verter, which is done by heat exchange with gas leaving the 
converter. The heat balance of this system is rather critical, 
particularly on plants of 20 tons of acid per day capacity 
and, as a consequence, the variety of arrangements possible 
is much less than on a sulphur burning plant. In fact, prac- 
tically all the heat of reaction has to be transferred by heat 
exchange to the incoming gas or the system will not work 
at all. 

The acid systems for drying and absorption have to be 
kept separate on cold gas plants to minimize transfer of SO, 
to the absorption tower in solution in acid, as here it would 
be stripped out and discharged to atmosphere. This would 
not only be serious from the economic point of view, but 
would contravene the limit of permitted SO, discharge. 

The anhydrite or “cement-sulphuric acid” process is too 
complex for it to be treated more than briefly. Here a mix- 
ture of CaSQ,, sand alumina, shale and coke is very care- 
fully proportioned and ground together. It is fed into a 
rotary kiln about 100 yd long. Pulverized coal is fed in at the 
opposite end and the hot gases pass counter-current to the 
slowly descending solids. Cement clinker is discharged and, 
after cooling, is ground for sale. Approximately one ton of 
cement is produced for every ton of acid. The SO» gas then 
passes into a cold gas plant where more elaborate than usual 
purification measures have to be taken before the gas finally 
passes into the converter. 

The sole remaining variant of the cold gas process of 
importance is the sludge acid process which is essentially an 
acid recovery process in which the residues from the acid 
treatment of petroleum are burned, with or without the 
addition of fuel oil. The resulting SO: gas is then purified by 
processes of the type already described and admitted to a 
contact plant, frequently as a side stream. This type of cir- 
cuit is sometimes used for the burning of H.S. 

When cold gas plants are compared with hot gas plants 
an important. difference lies in the relative deficiency of 
the gases in oxygen, for not only has the combustion air to 
provide oxygen for the SO, but also to oxidize other 
materials present, as, for example, iron in iron pyrites. So 
gas from pyrites cannot yield even theoretically a gas 
stronger than about 16.5 per cent SO: as compared with a 
theoretical 21 per cent from sulphur. For this reason, for a 
given gas strength and using the same quantity of catalyst, 
the conversion for a gas derived from the roasting of pyrites 
or anhydrite or from sludge acid burning or H2S burning 
will be less than from the burning of elemental sulphur. A 
recent development in cold gas practice, the introduction of 
dilution air cooling, makes for an even more acute 
deficiency in oxygen in the early passes of the converter. 


Conversion to Sulphur Burning 

The greater availability of elemental sulphur has led to a 
reduction in the consumption of pyrites and a number of 
plants built in the last decade have been turned over from 
pyrites to sulphur burning. A flash roaster can be turned 
over to sulphur burning fairly easily by installing a spray 
gun and the large combustion space available is well suited 
to high production rates, a roaster of this type, when on 
sulphur, being capable of a much higher SO, production 
rating, mainly through the higher permissible temperatures. 
In this way a company can have the benefit of the greater 
convenience attendant upon the use of elemental sulphur 
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(no cinder disposal problem, lower maintenance costs) and 
at the same time be in a position to revert to pyrites burning 
if economic circumstances so demanded. 


The Economic Aspects of Sulphuric Acid 

The geographic aspects of chemical engineering are im- 
portant to the U.K., as the export of chemical plant is 
making a significant contribution to the national economy. 
Sulphuric acid plants and their associated “know how” 
have been exported in considerable numbers in the last 
decade, and the nature of these plants has depended on the 
geographical distribution of raw materials to a great extent. 

The most important single centre of sulphuric acid manu- 
facture in the world is the United States. Here the economy 
is firmly wedded to the use of elemental sulphur, the 
greater part of the remaining production consisting in the 
using up of SO: gas from metalliferous smelting and similar 
by-product gases with very little roasting of pyrites solely 
for its sulphur value. Similar considerations apply in Latin 
America. 

In Europe there is considerable local variation. America 
has been the traditional supplier of elemental sulphur to 
Western Europe, but this market has recently been invaded 
by France. This elemental sulphur is used extensively in the 
U.K., where it is the basis of about half of the acid pro- 
duced. Elemental sulphur is also used by the acid indus- 
tries of France, Belgium and Holland. On the other hand 
Europe has abundant sources of iron pyrites and these 
supply the industries of Germany, Spain, Sweden and 
Greece; the pyrites of Cyprus supplies the industry of Egypt 
and other Middle Eastern countries. 

The very large industries of the U.S.S.R. and Japan are 
dependent almost entirely on pyrites—these represent the 
second and third largest acid industries in the world. An 
industry of very recent growth is that of South Africa; it, too, 
is largely dependent on pyrites. Considering West European 
conditions, the trend is towards sulphur, but it is doubtful 
whether this is true of the world as a whole because of the 
rapid expansion of the pyrites-dependent industries of the 
U.S.S.R. and Japan. 

The current production rate of the United States is about 
16.5 million long tons per annum‘ and its growth rate is 
about 4 per cent per annum, though this is tending to 
slacken. The industry is very powerful and has played a 
leading part in the development of acid plants. In order of 
importance the chief outlets for the acid are fertilizers, 
general chemicals, petroleum refining and paints (titanium). 

Statistics on the sulphuric acid industry of the U.S.S.R. 
are not available in a convenient form. It would appear that 
production exceeds 5 million tons per annum! and that, if its 
growth is to keep pace with planned increases in the output 
of chemical fertilizers and of the chemical industry in 
general, the growth rate will be 17 per cent per annum. It is 
known that considerable attention is being given to the 
automation of sulphuric acid plants even where, because 
of legal requirements which require that not fewer than two 
men should work a plant for reasons of safety, it is not pos- 
sible to effect any reduction in labour. It is claimed that the 
increase in efficiency brought about makes automation a 
paying proposition.® ’ 

The sulphuric acid industry of Japan has received very 
little attention in Western journals in spite of its world im- 
portance. With a production of over 4 million tons of acid 
a year’ and a growth rate of 10 per cent, Japan claims to be 
the world’s largest producer of pyrites. Of the major pro- 
ducers, Japan displays the least diversification in its outlets 
for the acid, over 80 per cent being accounted for by three 
uses, ammonium sulphate, superphosphate and rayon manu- 
facture, two-thirds of the total use being for the two 
fertilizers.’ Because of the heavy demand for the fertilizer 
industry for which 77 per cent acid is suitable, 41 per cent 
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of the total acid produced comes from chamber or tower 
plants. Japanese experts are concerned that there may be a 
falling off in demand in the future as recent trends in fer- 
tilizer manufacture favour products such as urea (very suit- 
able for Japan’s acidic soil) and fused phosphate, neither of 
which require acid for their manufacture. Also, Japan may 
be expected to follow world trends, which are downward, 
in her rayon industry. Before the Second World War Ger- 
many engineered most of Japan’s plants, a market captured 
by the U.S.A. after the war, though Germany is now 
showing signs of a comeback. The United Kingdom does 
not appear to have had any share in this market. 

The current production rate in the United Kingdom is 
2.5 million tons a year” and the growth rate is about 4 per 
cent, which is somewhat higher than the general rate of 
industrial expansion and somewhat below that for chemicals 
in general. In 1953 the outlets were: 


Superphosphate 25.4 per cent 
Ammonium sulphate 15.1 percent 
Rayon cin 12.2 per cent 
Titanium oxide ... 8.9" per cent 


In the intervening years the proportion due to rayon has 
declined and that due to TiO2 has considerably increased. 

The industry is mainly concentrated in a few well-defined 
areas which are associated with specific manufactures. 
Probably the greatest concentration today lies in the region 
along the south bank of the Humber and extending into 
North Lincolnshire. Here the predominant usage is for 
titanium oxide production and for fertilizers. Another im- 
portant centre is Merseyside, where the industry has been 
long established and where the outlets are highly diversified. 
County Durham produces the acid for general chemicals, 
ammonium sulphate and TiOs, the North Wales bank of the 
Dee for rayon, and in Scotland for fertilizers and explosives. 
The proportion of acid made from the various raw materials 
in the U.K. is as follows”: 


Sulphur 47 per cent 
Anhydrite 22 per cent 
Pyrites ee 20 per cent 
Spent oxide es 10 per cent 


In terms of actual tonnage of raw material consumed an- 
hydrite is the largest, but its sulphur content is less than 
30 per cent. It is anticipated that further increases in acid 
production will come from increased consumption of 
elemental sulphur. 


The Contractor in Acid Plant Construction 

All but an insignificant proportion of the world’s acid 
plants, Soviet grouping excluded, are built by contracting 
firms specializing in the construction of chemical plants. 
Indeed, the evidence suggests that it was the construction 
of these plants which first brought into existence the chemi- 
cal plant contractor on the kind of scale we know today. 
For example, Simon-Carves Ltd. were building acid plants 
in the First World War period, and it was about this time 
that contractors entered the field in the U.S.A. By the 1920s 
the contractor was well established and today only one firm, 
which is not itself a contractor, remains in the U.S.A. as a 
builder of its own plants. In the U.K. even the most ex- 
perienced operators of acid plants call in a contractor when 
they require a new plant. 

There is vigorous competition in the field, not only in the 
U.K. but also internationally, and this has played its part 
in reducing the cost of acid plants. The innovations which 
have played the greatest part in this process have not been 
so much by improvements in unit operations, which can be 
marginal, but by considering the problem as a unit process. 
For example, economies in converter system design have 
not so much taken the form of improvements in heat 
exchanger design as by the abolition of the use of some heat 
exchangers by the introduction of dilution air cooling. 
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Prominent firms in the U.K. are Simon-Carves Ltd., who 
are one of the world’s oldest chemical plant construction 
contractors, Chemical Construction (G.B.) Ltd., the builders 
of “Chemico” plants and, a comparative newcomer to the 
field, Power Gas Engineering Ltd., who offer plants to the 
design of Chemiebau Zieren of Cologne. In Germany the 
names of Lurgi, Petersen and Chemiebau are well known. 
Leading manufacturers in the U.S.A. include the Chemical 
Construction Co. and the Monsanto Chemical Co. 

The system of licensing is very common in the industry, 
and many contractors build to designs of other contractors 
or install the roasting equipment of other firms. It is not 
unusual for a company, after building plants for some time 
in a foreign country, to licence a local firm. For example, 
in Japan, the Mitsui Shipbuilding & Engineering Co. build 
plants to the design of the Monsanto Chemical Co. 

In spite of diversity, there are many features common 
to all the plants. One of these features, which has contri- 
buted to the reduction in cost to a considerable degree, is 
the practice of erecting most of the plant in the open. It is 
general to house pyrites roasters, main blowers and high 
tension electrical equipment under cover, but towers, heat 
exchangers and converters are nowadays almost invariably 
in the open. In many designs of plant the control room is 
built by bricking in the substructure on which the drying 
and absorption towers are supported. 


The Financial Aspects 

It is only possible to indicate the cost of sulphuric acid 
plants very approximately. The investment per daily ton 
will depend first of all on the nature of the raw material and 
secondly on the daily rating of the installation. This latter 
follows fairly well the rule that investment is a power func- 
tion of rating and for contact plants the investment is 
roughly proportional to the 0.6 power of the daily tonnage. 

A suitable capacity for comparison purposes is 100 tons 
of 100 per cent acid per day, as this is about the geometric 
mean of the capacities of most plants being built today, 
which have a range, for a single stream, of from 20 to 500 
tons per day. 

In the U.S.A. a 100 ton per day sulphur burning plant 
would cost about $5000 per daily ton, erected and including 
civil engineering. Assuming that the cost is proportional to 
the 0.6 power of the rating, on this basis a 20-ton plant 
would cost $9500 and a 500-ton plant $2600 per daily ton. 
Under U.K. conditions the cost would be somewhat less: 
say, £1600 per daily ton for the 100-ton plant and £3100 and 
£830 for the 20- and 500-ton plants. Other types of plant can 
have their capital costs expressed as a ratio, taking the cost 
of a sulphur burning plant of the same capacity as 1.0. 


Ratio of Cost (Sulphur burning = 1.0) 


H.S burning 1.33 
Pyrites burning 2.00 to 2.50 
Anhydrite 8.00 to 10.00 
Sludge acid ... 2.50 


Obviously none of these plants would be built unless 
the raw materials were cheaper than elemental sulphur, or if 
they resulted in the production of commercially valuable 
by-products. Pyrites, for example, is cheaper per ton of 
utilizable sulphur and also can yield a credit for the cinders 
which, after sintering, can be:used in the steel industry. 
The anhydrite process uses a very cheap raw material and 
has a credit of one ton of cement for every ton of acid 
produced. On the other hand, the capital charges and 
labour and maintenance costs are very high. It is only in 
special circumstances, or in very large units, that the process 
is economic; for example, two of the three anhydrite plants 
in Britain actually mine anhydrite on the site, and the third 
is one of the largest acid plants in the country. 

The size of installations varies very greatly. In Asia 
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plants of capacities as low as 5 tons per day have been built, 
but in India today the government would be unlikely to 
import plants of less than than 30 tons per day. In Britain 
the lower limit would be about 40 to 50 tons per day for 
normal commercial production, though much smaller plants 
might be built to dispose of H2S or acid sludge for example. 

It is well known that the contact process is steadily ousting 
the chamber process and the question naturally arises as to 
whether the chamber process is obsolete. From the view- 
point of new construction the answer is certainly yes. No 
doubt existing chamber plants will be used for some years to 
come, but any addition to their numbers is unlikely. The 
question is not so obviously settled in the case of the related 
tower plants. Several of these have been constructed in 
Britain in the last decade and a number have been built on 
the Continent, usually to supply acid of about 77 per cent 
for the fertilizer industry. For this reason, though it can 
be said that the chamber plant is obsolete, it can still be 
claimed that there is a future for intensive plants based 
upon oxides of nitrogen. 


The Future of the Sulphuric Acid Industry 

History can provide plenty of warnings against conclud 
ing that further major technical advance is impossible in 
any particular field, and the acid industry is no doubt cap- 
able of confounding those who see it in a state of ultimate 
technical efficiency. 

Commercially, though the tide is running strongly in 
favour of sulphur at the moment, the pyrites interests are 
unlikely to give up without a struggle whether by price 
reductions or by improvements in pyrites utilization. 

Technically, there are possibilities in using oxygen in 
place of air which would permit the recycling of exhaust 
gases and theoretical efficiencies of 100 per cent on sulphur 
usage and of the use of gas turbines for power recovery. 

Production trends are, of course, subjects of keen interest 
to producers and contractors alike. Up to the present the 
high degree of diversification of the outlets of the acid have 


shielded it from slumps and booms in usage. Though there 
has recently been a decline in the rayon industry, this has 
been more than offset by the rise in titanium dioxide pro- 
duction, and each threatened decline has in the past been 
more than cancelled out by increases from other estab- 
lished uses and by the discovery of new applications. 
Nevertheless, production of the acid has not kept pace with 
the growth of chemical production in general and it does 
not seem likely in the near future that the situation will 
change. 

From the point of view of the contractor, the present 
4 per cent growth rate in Britain, plus an allowance for 
the replacement of out-of-date plant, is equivalent to 
constructing two 300 tons per day plants every year. This is 
not sufficient to keep even one firm of contractors fully 
occupied, and therefore U.K. contractors must look abroad 
for their business, It is expected that they will continue to 
derive the bulk of their work from the export market, par- 
ticularly in countries such as India, South Africa and 
Australia. 
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British Chemical Plant Manufacturers Association 


HE annual dinner of the Association, which was held 
fa October 25, 1961, at Grosvenor House, London, was 
attended by the Chairman, Mr. NorMAN C. FRASER, the 
Principal Guest, Str KerrH Josepn, Bt. M.P., Minister of 
State, Board of Trade, and numerous members and their 
guests. 

Reviewing some of the Association’s current activities, 
Mr. FRASER said that about a year ago a dam of pent-up 
orders was released which, though very welcome after the 
lean period which had preceded it, created bottlenecks, 
caused temporary shortages of raw materials and com- 
ponents, and resulted in prolonged delivery periods and 
many broken promises. 

Steps have been taken by B.C.P.M.A. to tackle this 
problem; a large meeting of members was held and joint 
meetings have also been held with various Supplier Asso- 
ciations, It is hoped that customers and suppliers will in 
future demonstrate greater appreciation of each other’s 
viewpoint and of their common objective. 

Mr. FRASER also declared that the Association as a whole 
favours Britain’s joining the European Common Market, 
though the situation is too complicated for further com- 
ment at this stage. Considerable competition is expected, 
but also great opportunities. Accordingly, a European 
Trade Committee has been appointed under the chairman- 
ship of Mr. PETER SELIGMAN. 

“Planning” is regarded by Mr. FRASER as an essential 
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business function, provided it is carried out by experts with 
their feet on the ground. In this connection he quoted from 
the Romanes Lecture given by WINSTON CHURCHILL at 
Oxford in 1930, in which he proposed an Economic Sub- 
Parliament composed of non-political experts in economic 
matters debating questions of finance and trade. 

In his response, SiR KEITH JOSEPH paid a_ personal 
tribute for the Association’s service to the nation as double 
exporters, for a direct export of plant amounting to £20 
million last year has enabled consumer industries to export 
£300 million worth of their products. 

Sik KEITH gave his impressions of exports as a whole 
in the form of a denunciation of two prevalent fallacies. 

The first—that it is enough to have a good home market 

was dispelled by the facts that the world is becoming more 
tough and competitive each day with no permanent shelter 
at home, and that if a producer cannot sell his goods abroad 
he will soon be unable to sell them at home either, because 
tariffs will come down whether Britain goes into Europe or 
not. The best way for industry io protect the home markets 
is to be more competitive and to spread its overheads by 
selling abroad. 

The second fallacy concerns a lower profits tax in respect 
of exported goods. This practice would violate international 
agreements, and it is a course which other countries would 
undoubtedly follow, with the result that Britain would lose 
more than she could ever hope to gain. 
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OPTIMIZATION 
IN EQUIPMENT DESIGN 


Mathematical, statistical and computational techniques have been applied profitably to 


a wide variety of machine design problems with particular emphasis on achieving 


optimum design. So-called “best designs” are developed by trial-and-error analysis of the 


performance of postulated designs. Efficient analysis methods are described and compared 


by J. T. LESTER, Jr. 


Introduction 

ESIGN is the conversion of ideas into workable plans 

for building something; it is a creative process that 
underlies all manufacturing industries, and as industry 
has grown more complex the problem of designing machines 
and processes has become increasingly difficult. Mathemati- 
cal, statistical and computational techniques have been 
pressed into service in recent years to aid the design of com- 
plex equipment, and at Du Pont’s Mechanical Development 
Laboratory such techniques have been applied to a wide 
variety of equipment design problems—particularly those 
requiring an optimum design. 


The Nature of Design 

Consider both the process of design and the process of 
analysis—the most common process in mathematics. Fig. | 
compares these processes; at the head of the figure is a 
block diagram that represents a physical process or mechan- 
ism under study. Inputs to the process are shown on the left 
and outputs on the right. The inputs may be independent 
variables, design parameters or materials that go into the 
process. As the figure shows, analysis requires two things: 
the process itself, and the inputs; the problem is to find the 
outputs. By contrast, in design, the inputs and outputs are 
given; it is required to find some process for converting the 
inputs to the outputs. Note that this is different from what 
happens in analysis. Most of the mathematical methods and 
techniques that have been developed over the centuries pri- 
marily perform the function of analysis. The designer has 
made use of mathematical techniques by supplying a few 
missing links. Being an inventive person, he has usually 
devised a process, guessed at values for parameters, esti- 
mated values for the inputs, and then used analysis to deter- 
mine the outputs. If the first guess did not work, he made 
new guesses until, after considerable trial and error, he 
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arrived at a design that would work. Later on, he might con- 
sider how to improve the design to obtain the optimum. 

To optimize a design it is necessary to have a criterion 
by which to judge it. Optimization is inherent in the very 
nature of the design problem. The reason is simple: every 
design has to fulfil a rough-adequacy criterion; it must 
work. But mere adequacy no longer satisfies as a design 
criterion in these days of advanced technology and highly 
competitive markets, and of all the possible designs that 
may be adequate for a job, there are usually only a few 
that can be considered best. To define a “best design’”’ it is 
necessary to have more stringent criteria than simple 
adequacy. These criteria usually involve some of the outputs 
of a process or combination of outputs. Typical criteria that 
are being used today include minimum weight, minimum 
cost and maximum product quality. 

How can mathematics and computers aid in solving the 
design problem, particularly in achieving the optimum 
design? For some systems it is possible to synthesize the 
design in a direct fashion. Examples include systems such 
as four-bar linkages and electric circuits, for which it is 
possible to determine the parameters which give the desired 
outputs. However, the cases to which synthesis can be ap- 
plied are relatively simple; it cannot at present be applied 
to complicated machines and processes. It is very likely, 
however, that the methods of synthesis will extend to more 
complex systems, resulting in considerable benefit to the 
designer. 


Optimization Based on Response Surfaces 

Despite the lack of powerful methods for synthesizing 
complex machinery, the field of equipment and machine 
design has benefited considerably in recent years by the 
more powerful tools of analysis made possible by com- 
puters. No longer is the designer limited to the use of linear 
theories and simple equations. The computer makes it pos- 
sible to analyse more complex systems than were ever 
possible before. 
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1 Analysis vs. design. 


These powerful tools of analysis do not, by themselves, 
help the designer find the optimum design. They only help 
him predict outputs when the system and the inputs are 
given. Furthermore, in many cases a computer may take 
hours to obtain a single solution. However, other important 
advances in the fields of mathematics, statistics and compu- 
tation have made it possible to convert the analysis ap- 
proach to the design approach. To see how the analysis 
approach may be converted to the design approach, think 
of the computer when it is set up to analyse a particular 
system as if it were a piece of experimental apparatus. If 
we load the inputs into the computer it will produce one or 
more outputs just as in the case of a physical or chemical 
experiment. With this concept in mind it becomes apparent 
that three techniques from the field of statistics can be used 
to convert the analysis approach to the design approach. 
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3 Design procedure. 


These techniques are: 
(a) design of experiments; 
(b) empirical equation fitting (regression); 
(c) exploration of response surfaces. 

The design of experiments refers to a systematic pro- 
cedure for selecting various cases of the input variables for 
experimentation, Considerable work has been done in this 
field in recent years.’ * Regression refers to the determina- 
tion of an empirical mathematical model for relating the 
outputs to the inputs. An example of a regression equation 
is the second degree or quadratic model for two independent 
variables : 


Y = bp + bX + buXY + BX. + beX2? + beXiX2.... (1) 


where Y = output or response and X; and X2 = inputs. 
For an equation such as this it is possible to calculate the 
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coefficients (b’s) when values of Y are known for several 
pairs of values of X; and X2.° 

Empirical equations such as (1) can be conveniently 
represented graphically by contour plots of the response 
“surface”.* The next illustration (Fig. 2) shows an example 
of a contour plot calculated for a machine design problem. 
The two independent variables Xi and X2 were two dimen- 
sions of a critical machine element. In this example, it was 
desired to maximize the output, Y. The small dashed square 
at the bottom of the plot shows the region that had been 
selected as best on the basis of preliminary trial-and-error 
calculations. The contour plot clearly shows that Y could 
be increased more than four times by selecting a design in 
the upper-right-hand corner. 

To summarize the above ideas the next diagram (Fig. 3) 
shows a block diagram of the steps involved in arriving at 
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6 Rotor design. 


the optimum design. It is important to note that this pro- 
cedure requires the designer to select a general design in the 
first place. Thus the statistical and computational techniques 
do not replace the designer’s creative function. However, 
they make it much more certain that he will find whatever 
optimum lies within the realm of his choice. 


Ridge Analysis 

Although in principle contour plots can be used for 
exploring response surfaces when there are more than two 
inputs, they become increasingly unwieldy as the number of 
variables increases, For example, with five inputs upwards 
of 125 plots for each output are needed to determine 
optimum conditions. During the past year we have been 
using a new technique known as “ridge analysis” to explore 
response surfaces and determine optimum conditions. This 
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is a method for representing a multidimensional response 
surface on only two-dimensional plots. 

The idea behind ridge analysis is simple. Consider a con- 
tour plot for two independent variables as shown at the top 
of Fig. 4. This contour plot was generated by a second- 
degree equation such as Equation (1). To explain ridge 
analysis, let R be the radius from the origin to a point in the 
plot. Let this radius sweep around a circle and determine 
the response around the circle. As the vector R sweeps 
around the origin it will detect two maxima and two minima 
in the value for the response, Y. The plot at the lower part 
of the slide (Fig. 4) shows the response obtained around 
such a circle. If the sweeping procedure is repeated for dif- 
ferent values of R, the loci of the maximum and minimum 
points define “ridge lines”. More appropriately, they should 
be called the lines of steepest ascent and descent with respect 
to the origin. These lines depend very strongly on the loca- 
tion of the origin. However, no matter where the origin is 
located these lines will always lead upward to the top of a 
hill or downward to the bottom of a valley. Since they often 
follow what looks like a topographical ridge, they have been 
termed ridge lines. In Fig. 4 the ridge lines are superimposed 
on top of the contour lines. For more than two dimensions 
the topographical analogy loses meaning, but mathe- 
matically we can still think of ridge lines. For a second- 
degree regression equation, there are always twice as many 
ridge lines as there are variables in the system. Thus, in the 
example of Fig. 4, there are four ridge lines designated A, 
B, C and D. Note that only two of these lines, A and B, 
start at the origin. Lines C and D represent secondary ridge 
lines. 

The graph of Fig. 5 shows the value of the response 
variable, Y, for each ridge line plotted against the radius, R. 
One mathematical procedure for calculating the response 
and also the independent variables along ridge lines involves 
the use of Lagrange multipliers. It is not within the scope of 
this article to go into the details of the mathematics. How- 
ever, the general theory has been presented elsewhere‘ by 
A. E. Hoerl, also of the Du Pont Co. 

Some of the advantages of ridge analysis may be listed as 
follows: 

(1) The maximum or minimum of a system always lies 
on a ridge line. 

Regardless of the number of variables in a system, 
each response can be represented on a two-dimen- 
sional plot. This advantage becomes more and more 
significant as the number of independent variables 
increases. 

(3) Secondary ridge lines can be detected. This represents 
a big advantage over the so-called method of “steepest 
descent” (or ascent) which only detects the ridge 
beginning at the origin. In some cases the true 
optimum can lie on a secondary ridge. 

Inequality constraints can be treated. In fact, ridge 
analysis is a powerful way to solve the so-called “non- 
linear programming” problems. 

The next example will serve to illustrate the use of ridge 
analysis in a machine-design problem. 


(2) 


(4) 


Rotor Design Problem 

This example concerns the design of rotating machinery 
consisting of rotors mounted on overhanging shafts. There 
are many applications of this type of machine in the process 
industries; for example, agitators, high-speed drums and 
pulley drives. When the operating speed of a rotating 
machine is equal to one of the natural frequencies of the 
shaft-rotor combination in bending, resonance occurs and 
violent vibrations usually result. These speeds are called the 
“critical speeds” of the machine. Operation of a machine 
at or near its critical speed is usually depressing. This has 
led to one design criterion for rotating machinery which 
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states that the operating speed should be no greater than 
75 per cent of the first critical speed. Because of the high 
cost of rotating machinery it is economically desirable to 
obtain the least expensive design that will fulfil this 
criterion. Thus, optimization is in order. 

The calculation of the first critical speed of a rotor 
mounted on a non-uniform shaft with other attached masses 
is very complicated. In recent years many computer pro- 
grammes have been written to calculate critical speeds. 
These computer programmes take care of the analysis step 
of the design procedure. However, even with computers, 
complicated cases may require hours to calculate. 

Fig. 6 shows the rotor design used in this example, and to 
illustrate the method, four design variables were used: 
three shaft diameters and the bearing spacing. Using the 
computer programme as an experiment, critical speeds were 
calculated for ranges of values of these variables based on a 
Box-WILSON experimental design.' Next, second-degree 

regression equations were determined for the two response 
variables. The coded variables and the regression equations 
are shown in Fig. 7. Note that the bearing spacing, Lr, was 
transformed by taking the reciprocal before carrying out the 
regression. This was done to obtain a better fit of the regres- 
sion equation to the data. The regression equations were 
converted to ridge plots for use in considering several 
optimization problems. The next illustration (Fig. 8) lists 
two such optimization problems. 

Fig. 9 shows the response ridges for the maximum and 
minimum values of critical speed. Here is plotted the critical 
speed along the ridge as a function of the radius measured 
into the “four-dimensional” space. Only the main ridges are 
shown. The secondary ridges were all far outside the ranges 
of the input variables. The maximum critical speed can be 
easily determined as the highest point on the ridge that lies 
within the range of the experimental design. The plot on the 
next illustration (Fig. 10) shows the values for the indepen- 
dent variables (X;’s) that define the maximum ridge. In this 
example the maximum critical speed was 8200 rpm, which 
was more than 70 per cent higher than that for the original 
design chosen by rule-of-thumb methods. In other words, 
the maximum response (which occurred at the maximum 
radius, R = 2.0) was 70 per cent higher than the value at 
R = 0. Furthermore, the maximum was more than 15 per 
cent higher than any specific value calculated in the Box- 
WILSON designed experiment. 

The second type of problem involves an inequality con- 
straint on the critical speed. Here we want to find the shaft 
of minimum cost that will have a critical speed equal to or 
greater than 6000 rpm. As a first approximation, we can 
consider the cost of the shaft to be a linear function of its 
weight. Thus, we must determine the shaft of minimum 
weight that satisfies the critical-speed criterion. The pro- 
cedure for handling this problem requires ridge plots for 
the shaft weight as well as for the critical speed and the next 
diagram (Fig. 11) shows the shaft-weight ridge diagram 
for this example. Here we are primarily concerned with the 
minimum ridge. Note that the lowest value of weight lying 
within the range of the designed experiment (R = 2.0) is 
5.7 lb, which is 50 per cent lower than the value at the origin. 
However, the critical speed for this case of minimum weight 
was Only 4200 rpm. To determine the optimum design we 
must find the point within the designed experiment nearest 
to the point of minimum weight for which the critical 
speed is equal to or greater than 6000 rpm. 

To understand how the optimum point is found, con- 
sider the two-dimensional contour plots shown in Fig. 12. 
The black contour lines represent the critical-speed response 
and the dotted contours the shaft-weight response. These are 
hypothetical contours (the actual case involved four 
variables). However, they will serve to illustrate the method. 
The procedure consists in first proceeding along the ridge 
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for decreasing shaft weight to point A where the shaft 
weight is minimum. Next, the regression equation for the 
critical speed, Y:, is transformed so that its origin of co- 
ordinates is located at A. The new ridge for maximum 
critical speed is then calculated and followed until it crosses 
the 6000 rpm contour indicated by B. This point may not be 
the optimum. One procedure for determining the optimum 
consists in selecting several points along the shaft-weight 
ridge on either side of point A. These are used as origins for 
new critical-speed ridges. These ridges are followed until 
they cross the 6000 rpm contour. In practice, point B is 
generally very near the true optimum, 

In this particular example the optimum shaft weighed 
7.3 lb, or approximately 30 per cent less than one chosen for 
the same job by conventional rule-of-thumb methods. Thus, 
the cost would also have been approximately 30 per cent 
less. For multiple-unit installations savings on this order can 
be very significant. 

The above examples serve to illustrate a few ways in 
which ridge analysis can be used to aid the design of com- 
plex machinery. The advantage of ridge analysis over the 
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and lubricant pressure are automatically controlled and failure 
to maintain an essential operating condition, such as oil 
pressure or coolant supply, will stop the centrifuge.*! 

According to a joint Czech/East German development pro- 
gramme, the double thrust pusher centrifuge from VEB Ist 
Machinery Plant, Karl Marx Stadt, now made with a drum 
diameter of 450 mm, is soon likely to be made with drum 
diameters of 800 and 1200 mm respectively.” 

Among other types of separator, a little-known hydraulic- 
mechanical separator for the sulphite pulp industry made by 
Gebr. Béhler Co. A.G. is also noteworthy.” 


Heat-transfer Equipment 

In this sphere details of air-cooled heat exchangers of GDR 
manufacture were released. Rapid industrial expansion in East 
Germany has led to a demand of some 5.3 X 10° m* of water 
annually and leaves only a small balance from natural supplies. 
Therefore, air cooling is being vigorously encouraged, especially 
for the main consumer, the East German chemical industry. 

A new extended heat exchange surface, employing double- 
ribbed tubes, is now being made and gives heat flux rates 
based on the tube outer surface of 80-100 kcal/m* hr °C for 
pressure losses of 2-3 mm w.g. Fans, likewise, have been the 
subject of development, and air-cooled exchangers are now being 
constructed in a range of standard sizes to accommodate fans 
with 700-3200 mm diameter rotors. 

In the same domain an unusual method of constructing high- 
temperature heater tubes was noted among the Kralovopolska 
exhibits. It uses forged bends of thick section reduced in size 
where the butt joint with the main tube is made. The shape of an 
assembly resembles a Gothic arch, the bend consisting of two 
portions which are butt-welded together. Advantages are closer 
spacing of tubes and therefore more surface per unit volume 
compared with pipe steels made with normal bends. Thus, for 
a pipe of 210 mm o.d. the pitch of tubes is 350 mm, whereas a 
normal bend would require a pitch of 420 mm. The thick wall 
means that the bends have long life and despite the somewhat 
abrupt change of direction the pressure losses are only slightly 
greater than those of a normally-radiused bend. 


British Firms at the Fair 

Although British participation was the highest ever, with 54 
firms present, with an official British stand in the Pavilion of 
Nations, participation in the chemical field was not extensive. 
British firms offering plastics machinery and instrumentation, 
however, gave a reasonably impressive picture of the capabilities 
of British industry. E.M.I. Electronics, Panellit, Cambridge 
Instrument Co. and Solartron were among firms which dis- 
played industrial control equipment, and, representing a num- 
ber of firms making plastics, food processing and chemical 
equipment, Wogau Equipment & Machinery Ltd. reported the 
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contour plots lies in the representation of systems with any 
number of variables on two-dimensional plots. 


Summary 

In summary, our experience has shown that mathematical 
and computational techniques can materially aid the design 
of machinery. However, the present-day methods primarily 
augment the traditional empirical trial-and-error approach 
to design. If the designer chooses an inherently poor system 
in the first place, optimization only helps him make the 
best of a bad situation. The greatest potential benefits lie in 
the direction of synthesis—that is, methods that proceed 
directly to the solution of a design problem. The next few 
years almost certainly will show real progress in the 
development of such approaches, 
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sale of the equipment in their display, a fairly common 
experience at this Fair. 

For firms wishing to do serious business at this exhibition a 
British firm had this advice to offer. Submit specifications and 
performance data of equipment to be shown, and the manu- 
facturing range, to the Czechoslovak trade organization well in 
advance of the Fair. This improves the chances of doing 
business, which may still take time through evaluation discus- 
sions carried out by various bodies in the purchasing country. 


Organizations for Inspection and Information 

Exchange 

Several trade-assisting organizations were represented; the 
main purpose of one of them, Inspekta, is the control of the 
delivery terms of contracts concluded by foreign customers 
buying Czechoslovakian equipment. Inspekta looks after the 
interests of the buyer; it is quite independent of the equipment 
supplier and its services include the checking of equipment dur- 
ing its process of manufacture, including an assessment of the 
delivery prospects. If Inspekta’s survey discloses the risk of 
a delay, then they can urge the manufacturer to eliminate its 
source, and Inspekta can propose measures to this end. Inspekta 
also survey the mechanical features of a design, and ensure 
that they meet the requirements of the code specified by the 
buyer. Despatch arrangements of the goods, whether they are 
a complete chemical plant or a single vessel, is another service 
offered by this body. 

Another organization represented at the Fair. Polytechna. 
arranges the exchange of technical data between countries and 
the commercial contacts for negotiating the sale and purchase 
of foreign licences, patents and “know-how”. Polytechna has 
played an important part in the negotiations concerning the 
production in Czechoslovakia of terylene and high-pressure 
polythene by processes developed in the U.K., and of ammonia 
and other products according to processes developed by Monte- 
catini of Italy. Processes exported through Polytechna include 
the alkaline polymerization of cavrolactain; methanol synthesis; 
continuous wood distillation; cellulose from beechwood. 





Use Reader Enquiry Cards for further details of equip- 
ment mentioned in this article. Below are the text equip- 
ment references and the corresponding numbers to be 
used with the Reader Enquiry Card. 


Text Text Text Text 

Ref. BCE No. Ref. BCE No. Ref. BCE No. Ref. BCE No. 
| BCE 994 R BCE 100! 15 BCE 1008 22 «BCE 10IS 
2 BCE 995 9 BCE 1002 16 BCE 1009 23 «BCE 1016 
3 BCE 996 10 BCE 1003 17 BCE 1010 24 BCE 1017 
4 BCE 997 11 BCE 1004 18 BCE 1011 25 BCE IOIs 
5 BCE 998 12 BCE 1005 19 §=BCE 1012 
6 BCE 999 13 BCE 1006 20 «BCE 1013 
7 BCE 1000 14 BCE 1007 21 «BCE 1014 











855 








66.097.13 


VOLUME DETERMINATION 


OF HETEROGENEOUS- 


CATALYTIC GAS REACTORS 


The article derives a comprehensive expression for a generalized gas-phase reaction 


from which catalyst bed volumes can be determined by its graphical integration. 


The treatment is exact for constant-pressure adiabatic systems, the final equation 


representing the combination of the partial differentials supplied by the variations, with 


respect to degree of conversion, of the relevant parameters. The latter includes reaction 


temperature, molar population and the essential thermodynamic functions 


by B. A. HILLS 


catalysed gas-phase reactors, in the few textbooks that 
have been published upon chemical engineering reaction 
kinetics, usually terminates prematurely in a general equa- 
tion which leaves the essential mathematical and physico- 
chemical analyses to the designer. 

This paper is an attempt to derive a comprehensive 
expression for a general reaction which enables theoretical 
catalyst volumes to be determined by its graphical integra- 
tion, The treatment is comprehensive for adiabatic systems, 
embracing the variation of molar population with extent of 
reaction and that of specific heats, and allied thermodynamic 
functions, with the ensuing temperature change. 


fe general treatment of adiabatic heterogeneous- 


The Approach to the Derivation 

The essence of the treatment is the derivation of an 
expression in which the volume of gas held in the catalyst 
is related to one variable only—representing the degree of 
conversion. Any other variables appearing must be com- 
pletely defined, in terms of this quantity, by auxiliary equa- 
tions, enabling graphical integration to be effected between 
the limits set by the desired entry and exit compositions. 

The following series of steps are taken in deriving the 
general expression: 

(1) The writing of a balanced chemical equation in the 
molecularity corresponding to the selected values of the 
thermodynamic quantities used later. 

(2) The expression of the mole fractions of all reagents, 
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products and inert substances, in terms of that of the desired 
product and constants. The latter are fixed by the required 
output and the predetermined optimum stoichiometry of 
the feed, incorporating the economically desirable extent of 
recycle. 

(3) Knowing the equilibrium constant, and obtaining 
laboratory or other data to give the activation energy and 
the order of reaction, the full rate equation can be derived 
incorporating both forward and backward reactions. The 
rate equation contains two variables representing degree of 
conversion and temperature. 

(4) Obtaining an expression for the enthalpy change in 
terms of temperature by application of the Kirchoff 
equation. 

(5) Deriving an expression relating mean thermal capacity 
of the overall gas mixture to the degree of conversion. 

(6) Obtaining an expression relating degree of conversion 
to temperature by applying the principle that heat evolved in 
the reaction must equal the gain in sensible heat of the 
mixture. This is facilitated by the relationships derived in 
(4) and (5) above, and their combination reduces the number 
of variables in the preceding expressions to one—namely, 
degree of conversion. 

(7) Deriving an expression for the volume of gas held in 
the catalyst bed as a differential equation derived by expand- 
ing the rate equation, and solving the unknown terms as 
partial differentials of the gas laws. Since reaction tempera- 
tures are frequently far above those for critical conditions 
of most reagents, the perfect gas laws will be assumed for 
simplicity; but Van der Waal’s, or other gas laws, may be 
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used just as well if greater accuracy is demanded. 

(8) The final equation, giving actual bed volume in terms 
of degree of conversion, is obtained by dividing the volume 
of gas held in the catalyst by its voidage. 

(9) The actual integration can be performed graphically 
by first calculating each term in the final comprehensive 
expression for the same successive values of the degree of 
conversion. These can then be placed in the final expression, 
enabling a plot of the differential of bed volume with respect 
to conversion to be made against these pre-selected values 
of mole fraction of the desired product. 

(10) The total theoretical catalyst volume is ultimately 
calculated as the area under the curve between the limits 
set by the desired entry and exit compositions. 

The volume is expressed in the units allied to those for 
the value of the universal gas constant selected. 


Derivation of Equation for Catalyst Volume 


Consider the general reaction: 
aA + bB+cC...22X + yY¥ + 2Z... 


where X is the desired product, and all reagents and products 
are in the vapour phase. Inerts may be present and may be 
represented by (W). 


Mole Fraction Relationships 

Let the numbers of moles of reagents after time (f) be 
represented by: 

Na, Nr, Ne, etc., 
products by: nx, Ny, Nz, etc., 
and inerts by: nw, adding to a total of n. 

Also let the initial numbers of moles which would occupy 

the bed at the fed temperature be represented by: 

n°4, np, nc, etc., 

nx, n°y, n°z, etc., and n°w for reagents, 
products and inerts respectively—adding to a total (n°). 

Let the mole fraction of the desired product (X) be repre- 
sented by (x), and those of other products, reagents and 
inerts be designated by the same suffices as above. 

Thus, after time (f) in the bed: 

na = n°4 — a(nx — nx) 
ng = n’p — b(nx — nx) 


Nc = n°c — c(nx — n°x) 
nx = nx 
ny = n°y + y(nx — n°x) 
nz = n°z + z(nx — n°x) 
nw = ny 





n = (n° — n°x) + nx + (nx — n°x) @y — a) 





If 7m is the molecularity of the forward reaction and m: 
is that of the backward reaction, then: 





m=atb+ct+...=%a. 
m=1l+ytzt...=1+ Yy. 
Thus 
n = (n° — n°x) + nx(me2 — m)) — n*x(me — m — 1). 
i.e. 
n = n° — n°x(mso — mm) + nx(me — m). 
n*{1—x® (m,—m,) 
Hence a 2—my)] (1) 
[1—x (my—m,)] 
na n°4\ {n° nx n®°y\ {n® 
Now x4 =—-; — -—— =e 2 Fe — 
n n n n n n 








: x°, + ax® (m, — m, + a) 
ie. X4 = —x 
1 — (my — m,) x® 1 — (my — m,) x® 


or for the general reagent (j) 
" x®; + jx® . (my — m, + j) 
ie (m, — m,) x® ~L1 —(m, — m,) x® 


and for the general product (i). 
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Fig. 1. A gas sample being withdrawn from an 
ammonia converter. (Photo courtesy of 1.C.1. Ltd.) 
x°; — ix® (m, — m,) —i | 


= —x 

‘ ; -(m, — m4) al ; —(m, — m,) x® 
Since (x°), (i), (x°), (mm) and (mz) are all constants, we may 

define quantities : 








-0 7-0 
x®; — ix 
i : =| and 
1 — (mg — m4) x 
(my —m,) —i 
a 1 — (m, — m,) x® 


0 ; 10 
xy + jx 
ij u ; 0 and 
1 — (mg — m,) x 
(m, — m,) + Jj 


i ; — (mz — my) x® 
0 
Ah | — 5 and 
1 — (mg — m,) x 








for products, 








for reagents, 





(m, — m4) 


— (my — m,) x® 





atti tl ti 
a 


| for inerts. 


Thus 
Xa = Na. Xa + 7A.X 
Xp = Ap. Xp t+ %B.Xx 
Xe = Ac.xc + 7c. XxX 
xy = Ay .Xy + ty. 
xz = Az.Xz + 7z.X 
xXw = Aw. xw + tw.Xx 


Hence all mole fractions have been defined in terms of 
known constants and of one variable (x). 


The Rate Equation 
If the equilibrium constant is (Kx), 


—— (x) . xy)”. @zF Ky . Pom—m) 


; = coee(2 
(x4)? . (xp)? . (xc) (2) 
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where (P) is the overall pressure at which the reaction is 
allowed to proceed. 

Now if it is found by experiment that the rate of increase 
of partial pressure of X is proportional to the: 


2 power of A 
8 power of B 
y power of C 
i.e., the reaction is of order (« + 8 + y) 
The forward reaction is represented by: 


d (px) 


k x. (pa). (po 
at 1 (pa)* . (pa)? . (po) 


where (p) refers to partial pressure of the substance denoted 
by the suffix. 
d (px) 





But at equilibrium 0 and Equation (2) must hold. 


Hence the net rate equation, incorporating the backward 
reaction, must be: 





d 
eu ’ ky ° (pa)* - (pp)? # ( Pc yy 
_ _ ky - (px) (py) (pz 
~ (pa)® (pp) (po)e-”) 
Since ad Kp 


where (k;) and (kz) are the velocity constants in the forward 
and backward directions respectively. 
Thus we can define the net rate of conversion (r) by: 





dx . 
(5) = ky (x4)* . (xp)® . (xo) . Pla+8+x-Y 
ke. x. (xy). (xz? . Pm 
(x4)\@—® . (xph-9 . (xcjfe— 


or, expressed in terms of two variables (x and 7): 

_ & 
r=A,.e RT. (44. xX% + 74. x)*. Op. xs 
tmp. x)® (Ac. xX®c + mc. x)v. Platet 





ye 


E; 

—A,.e€. RT, 

xQy.x°y + xy. x. Az. x9 + az. x)e. PUm—m+ a+ 8+7-D) 

(04. X94 +74.x)4-2).Ap. xp trp. x)O9).(Ac. x%—-+nc. xyle-y| 
eee 

where (A;) and (A2) are frequency factors and (£;) and (E2) 

are activation energies for forward and backward reactions 

respectively. 





Enthalpy Change 
By the Kirchoff equation: 


= Xv . (Cp)i — Evy . (Cp); 
Now specific heats can be expressed in the form: 


(Cp) = Li + m.T 


to a second approximation where (/;) and (/7;) are constants 
readily available from standard tables. 








List of Symbols 
X = the desired product; 
Y, Z, etc., and A, B, C, etc. = other products and reagents; 
W, etc. = inert substances; 
a, b, c, y, 2, etc. = 
ny, Mp, Ne, Nx, Ny, Nz, Nw etc. = ambient numbers of molés of A, B, C, X, Y, 
ns, np, no, nx, ny, n°z, nw, etc. = initial numbers of moles of A, B, C, X, Y, 
n = ambient total number of moles; 
= 
perature; 
x = mole fraction of desired product (X); 
x® = initial mole fraction of (X); 
ty, Xp. Xe. Xy, Xz. Xw, etc. = ambient mole fractions of A, B, C, Y, Z, W, etc.; 
voy, xn, xo, xy, x°z, x°w. etc. = mole fractions of A, B, C, Y, Z, W, etc., in feed; 
a, B, y, etc. = powers of A, B,C, 
Ps. Pr. Po. Px. Py. Pz. Pw. ete partial pressures of A, B, C, X, Y, Z, W, etc.; 
P = reaction pressure; 
m, and m = 
k, and k, = velocity constants 
E, and E, = activation energies 
A, and A» = frequency factors 
(C,) = specific heat at constant pressure; 
la, Ins ley Ix, Ty, Tae bw, ete.) specific heat temperature coefficients; 
M4, Mp, Me, My, My, Mz, My, etc. | 
K.. K, = equilibrium constants; 
| t = time; 
T = temperature (absolute); 
T, = feed temperature; 
| _ (dx 
r= (7) 
v = volume of gas in bed; 
V = volume of catalyst bed; 
| H = enthalpy; 
R = universal gas constant; 
e = catalyst voidage; 
e’ = effective catalyst voidage; 
f = actual bed volume conversion factor; 
Au. An, Ac, Ax, Ay, Az. Aw, ete., ) 
Ta, Th. Te. Ty, Ty, Tz, Tw, ete. { = secondary constants defined in text. 


numbers of moles of A, B, C, Y, Z, etc., reacting per mole of X formed; 


total number of moles of feed which would occupy the bed at the feed tem- 


molecularities of forward and backward reactions; 

forward and backward reactions: 
forward and backward reactions; 
forward and backward reactions; 


ods Oe OBS 
Ww 


Z 
Z, W, etc.; 


etc., in rate equation; 












British Chemical Engineering 














Thus =y%.(Cp)i = Ix + mx.T 
— y(ly + my .T) 
— 2(lz + mz.T) 
Xvji.(Cp)i = alla + ma.T) 
— bile + mz. T) 
— c(le + mc.T) 
Hence Xv; ° (Cp)i at Xv; ° (Cp); = L + M ° 7 
where L = Xv. 1; — Xv; . 1; 
and M = Xv. mi — Xv; . mM; 
and M = Xv. m — =v; . mj 
Thus — (AH) =L+M.T 
oT 


Now if (AH) is known for a given temperature (7)... 
say (AA), 





AH ¢ Tr 
Then a(AH) = ic + M.T)eT 

AHw T, 

ic, AH=AH,+L.T+4M.7T? ....( 
where AH = AH, —L.T—4.M.T? 


Temperature Rise 
Since (AH) refers to the reaction as written in the equa- 
tion, —(AH) is the heat liberated by the reaction per mole 
of X formed. 
Thus the temperature rise is given by: 
(—AA) . d(nx) = =n; . (Cp) . dT 


—AH . dx = =x; .(Cp) . dT ake 


1.e., 


Thermal Capacity of Mixture 
To avoid (x.7) terms, the mean specific heats over the 
estimated temperature range will be used. By making this 
first approximation little error is introduced. 
Thus = Sx. Cy) = SCp)i. Ai. x% + 1. x) 
where suffix (i) now refers to products, reagents and inerts. 
Thus oe st 
Sx (Cp)i = [L(Co)i . Ar. X%] + x. [[(Cp); . 7] 
But (C,), (A), (=) and (x) are constants for all substances, 
thus we may define two further constants (F) and (G) by: 
F = 3[((C))i. i. x] 
and 
G= =[(C5)i . zi] 
Thus Sx. ©, =F + G.x 
Hence the equation for the temperature rise is given by: 
—AH .dx = (F + G.x).dT 
which, combined with Equation (5), gives: 
—(AH, +L.T+4.M.7).dx=(F + G.x).daT 


dx (F + G.x) 
ar (SH, +L.T+34.M.T? 


Hence we have a relationship between (x) and (7) in 
the form of two standard integrals: 


. - (6) 





Thus 


oy dx | aT 
vw) F+G.x) 7rJQH+L.T+}.M.-T) 
ee 


where (x°) is the mole fraction of X in the feed and (7,) 
is the feed temperature. 

Assistance in determining the latter may be obtained from 
a plot of (x) against the optimum temperature, i.e., the 
temperature giving the fastest rate of reaction for the par- 
ticular fraction. 








dx 


a) 
The plot may be obtained from Equation (3) as — ~ ) == (), 
OT \dT 
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The temperature of the reaction should be arranged to 
straddle the curve as closely as possible. However, the 
catalyst may be divided into several beds separated by 
intercoolers if excessive temperature rise causes conditions 
to approach too close to those for equilibrium, 


Catalyst Volumes 
Let the volume of gas held in the catalyst be (v). 
Now, from the definition of (r): 


; Gy > ‘dx 4 
ie (= % =) . (5 -++@) 
But, assuming the perfect gas laws, 

P.v=n.R.T (R is the universal gas constant) 











i.e. v = ¢.(n, T) since P is a constant. 
Thus dv = (2) dn + (S) ar 
But (= = “and (=) = = 
Hence (2) = “=. Fa.  s =. (F — 


n° [1 — x° (my — m,)] 
[1 — x(m, — m))] 





Now, from Equation (1), 2 = 


n° (m, + mg) . [1 — x°(m, — m,)] 
[1 — x(m, — m,)]? 





Cn } 
Thus —; = 
Cx 


_ [L— x® Gn, — m))} 








on 
and ae 

on [1 — x (my — m)] 
However, n= (n°, x), so 
on on 

dn = (<=) . dn® + | —J].dx 
on Ox 

dn [1 —x°(m,— _m,)] [dn 

Hence — = 3 , <) + 


dt [l—x(m,—™m))] 
n° (m, — mz) [1 — x® (my — m,)] (4) 
[1 — x (m, + m,)}? *\dt 





dn®\ . ; . : 
where (> is the feed rate, i.e., rate of increase of unreacted 
c 


moles. 
Equation (9) thus becomes: 


(= _R {[1 — x° (m, — m,)] . T (@) 
3) —_ Js [1 — x (mg — m)] dt , 


n° (m, — mg) . “| ace (7) | 
[1 — x (my — m))] dt } | 
(F)-(3)-( 
dt} \dt)° \ax 


Hence, from the definition of (r) and Equation (6), 





.».. (10) 





Now 





(2) — r(AH, +L.T+4.M.T%) (a 
dt} (F + G.x) yictecs 

If (V) is the volume of bed required and (e) is the catalyst 
voidage, 


v=e.V 
4 sso 


a 7 AV 
dx)  ~"\a 
Combining Equations (10) and (11), and substituting this 


and Equations (1) and (12) into Equation (8), we obtain: 
Continued on page 861 


Thus 
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THE GRAPHICAL CALCULATION OF CARBON 
AND LOW ALLOY STEEL FUSION-WELDED 
PRESSURE VESSEL SCANTLINGS 


by J. L. RYDER 


Section 4—2:! Semi-ellipsoidal End Pressings. 

(Concave to Pressure) 

HIS is the last of a series of four graphs to facilitate the 
pe of pressure vessel scantlings to B.S. 1500: 
1958. In previous issues of BRITISH CHEMICAL ENGINEER- 
ING graphs have been published determining the pressure- 
diameter-thickness relationships for: 

(a) shells; 

(b) 6 per cent knuckle radius end pressings; 

(c) 10 per cent knuckle radius end pressings. 

This graph is drawn especially for dished and flanged ends 
of semi-ellipsoidal profile, where the inside diameter is 
four times the inside height and the curvature of the crown 
is half an ellipse, the major axis being twice the minor axis. 
It enables the thickness (max. I4 in.) of end pressings up to 
120 in. diameter and 500 psi design pressure to be obtained 
easily. Conversely, it will show the permissible design pres- 


THICKNESS, t (INCHES) 
Ne ur ' ‘eo a % 





sure of an existing dished and flanged end of appropriate 
profile, provided diameter and thickness are known. 
The curves are drawn to the equation: 


p.Do.K,. Ks 
2.f.J.Kz 


taken from B.S. 1500: 1958, Section Three F, equation 15. 

Four necessary conditions are imposed on the curves, 
and these are: 

(1) No allowance is made for corrosion or for thinning 
which takes place during forming. In effect, this means that 
to whatever thickness is determined from the graph should 
be added an allowance equivalent to the corrosion expected 
during the life of the vessel; also an additional amount to 
compensate for any thinning which may take place while 
the plate is being formed to dished and flanged profile. 

(2) The material design stress is 14,500 psi; i.e., the 


o = 

















PRESSURE , p (POUNDS PER SQUARE INCH) 


vate 





= SHAPE CONSTANT 





Chart for determining 
wall thickness of low alloy 
and carbon steel 
semi-ellipsoidal pressure 
vessel ends to 


B.S.1500 : 1958. 

















OUTSIDE DIAMETER , 0, (INCHES) 
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‘ } | 
J 


90 100 uo 120 








2:1 SEMI-ELUIPSOIDOAL ENDS 
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design metal temperature does not exceed 650°F for nor- 
mal boiler flanging or welding quality mild-steel plate. 

(3) The end is made from a single plate without a weld 
seam (J = 1.00). 

(4) Any openings in the end will be fully reinforced 
(Ke = 0.94) and the method of manufacture shall be form- 
ing by spinning or pressing in full or ring dies (K; = 1.00). 


Example 

Determine the thickness of a dished and flanged end 
suitable for a design pressure of 155 psig and an outside 
diameter of 6 ft 6 in. No corrosion is expected in service, 
but a pressing allowance of ;4 in. is assumed. The profile is 
2:1 semi-ellipsoidal. 


Enter the graph with the value D, = 78, proceed ver- 
tically to a point which meets a line taken horizontally from 
the pressure p = 155 and read off the thickness to the 
nearest + in., i.e. + in. To this thickness add the pressing 
allowance and use a plate ; in. thick. 

Should a design occur where either the stress is different 
from that stated (i.e., 14,500 psi) or should it be necessary 
to have a welded seam in the end pressing, due allowance 
can be made by applying an appropriate factor in a similar 
manner to that given in the article accompanying the graph 
for shells (see BRITISH CHEMICAL ENGINEERING, 6, 192). 

The above information, extracted from B.S. 1500: 1958, *‘Fusion Welded 
Pressure Vessels for use in the Chemical, Petroleum and Allied Industries’’ 
is reproduced by permission of the British Standards Institution, 2 Park 


Street, London, W.1, from whom official copies of the complete standard 
may be obtained—price 40s 


Volume Determination of Heterogeneous-Catalytic Gas Reactors 
Continued from page 859 


_R.T [1 —x®(m, — m),)] 
—e.P [1 —x(m, —m))] 





tao 

\7 \a} + 

n° (AH, +L.T+4.M.T?)| 
T.(F+G.x) | 





) 
dx 
n° (m, — my) 


[lt — x (m, — m,)] < 








coos GD 


Equation (13) is thus the final comprehensive expression 
from which the total theoretical volume of catalyst can be 
determined by graphical integration. The latter can be 


performed by calculating (2) for values of (x) taken in 
dx 


successive steps between those corresponding to entry and 
exit compositions. 

All terms in the final expression are constants apart 
from (x), (T) and (r). However, Equation (3) defines (r) in 
terms of (x) and constants, whilst Equation (6), or its inte- 
grated form, defines (7) in similar terms. 

The constants in the final expression are readily available 
from standard tables apart from (4AH,), (L), (M), (F) and 
(G) which have been defined in terms of such primary 
constants in the text. 

¢ 

Thus (= 
the curve, between the entry and exit values of (x), gives the 
required theoretical value for the total volume of the 
catalyst bed. 


) can be plotted against (x), and the area under 


Discussion: Simplified Expression 

The final expression, Equation (13), has been derived 
from first principles to be universally applicable to any 
heterogeneous-catalysed gas-phase reaction. 

It has four basic component terms: 


la 
(1) (= ) —the differential term of dimensions (length)*. 
ae 


Rik : ; ‘ 
(2) (“S }—a term of dimensions (length)*, (moles)—}, 


where (7) and (P) account for absolute temperature 
and pressure respectively, and the universal gas con- 
stant introduces volume. 

[1 — x® (my — m,)] 
[1 — x (m, — m)] 
for volume change as molar population varies with 
extent of reaction. 

(4) The term in “curly” brackets which is the sum of three 





(3) —a dimensionless term accounting 
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simpler terms each of dimensions (moles). They are: 


1 dn® : , 
first: — A> —accounting for reaction and feed 


rates, 


n® [1 — x° (m, — m,)] 
[1 — x (m, — m) 
correcting the small second-order approximation 
made in the previous term accounting for change 

of volume with (x). 


n° (AH, +L.T7+}4.M.T?) 





Secondly: —a very small term 





irdly: - F 
Thirdly T.(FG.x) accounting 
for change of (AH) and specific heats with tempera- 
ture. 


The first of these three predominates, and does not 
contain (n°). Thus, a rough guess at the value of the 
latter introduces little error into the determination. 
Even this can be eliminated by successive graphical 
integrations until the determined volume of free space 
in the catalyst would hold the number of moles of 
feed, at the feed temperature, equal to the assumed 
value of (n’). 

The expression is dimensionally homogeneous. 

Although the formula is independent of bed dimensions, 
the factor (f) by which the theoretical volume should be 
multiplied to give the actual catalyst volume, is a function 
of bed depth—particularly for shallow beds where a random 
distribution of cold spots (regions of less active catalyst) 
might allow the passage of partially reacted gases. The 
kinetic data used in the determination should include values 
corresponding to the end of the anticipated catalyst life. 

In addition to the statistical distribution of “cold spots”, 
a further factor should be incorporated to allow for “dead 
space” in particle interstices and cul-de-sacs. This approxi- 
mates to replacing voidage (e) by an effective voidage (e’). 

Since a conservative estimate is naturally taken for the 
factor (f), sufficient accuracy is afforded for determining 
practical values of catalyst bed yolume by graphical integra- 
tion of the general comprehensive expression (13), in the 
following simplified form: 


() _f.R.T [L—x®(m, —m))) (2) in 
dx) ~@.P.r (1—x@m,—m)]'\ae) °°" 





This treatment thus provides an accurate means of esti- 
mating catalyst bed volumes from basic physico-chemical 
data. 


861 




















541.122.4:66.071.6 


Modified Schmidt Number 


DIFFUSION IN 
BINARY GAS SYSTEM 


A simple method of estimating gaseous diffusion coefficients 

has been developed based on the concept of molecular property of 
the diffusion coefficient. Correlation is obtained with the 

already reported new dimensionless number—modified Schmidt 
group—the deviations of highly polar gases have been 

corrected by introducing a correction factor. This correlation 
holds good within an average error +10 per cent 


by S. H. IBRAHIM and N. R. KULOOR 


NUMBER of investigators, including WiLKE,'' OTHMER 
p Bee THAKAR, ARNOLD,’ Eyrinc’ and SCHEIBEL,’ have 
advanced semi-theoretical and empirical equations for 
the evaluation of diffusion coefficients in dilute solutions. 
For the evaluation of diffusion coefficients in binary gas 
systems the correlations of ARNOLD,” GILLILAND,* HIRSCH- 
FELDER,’ WILKE and Lee” and SLATTERY” are useful, and a 
wealth of information on this subject is available in the 
book by REID and SHERWOOD.* The main drawback of all 
these correlations is that they are all represented by fairly 
complicated equations. Moreover, sufficient data are not 
available for general application of these methods. Further, 
even the experimental data on diffusion coefficients are 
widely different. Diffusion coefficients are very difficult to 
measure accurately, as evidenced by the disagreement 
among different experimenters’ values for the same gas pair. 
REID and SHERWOOD* state that some allowance should per- 
haps be made for the fact that the experimental values are 
apt to be too large (because of convection). In these cir- 
cumstances, if such physical properties are evaluated solely 
by fundamental constants like 7., 7», M, Vm, these properties 
can be represented with confidence, If a method could be 
perfected for diffusion coefficients based on the accurate 
assessment of these fundamental constants, it would be 
valuable in mass transfer calculations. A similar approach 
is the calculation of these properties by LENNARD Jones” 
force constants calculated from viscosity data. The work 
by SLATTERY also is based on this approach. 




















MOLECULAR WEIGHT 


Fig. 1. Diffusion in binary gas system. 











Symbols Used 
D = diffusion coefficient, cm* sec: 
u = viscosity, poise; 
M = molecular weight; 
Vm = molecular volume; 
Te = critical temperature, °K; 
Tr = reduced temperature, °K; 
k = Boltzman constant; 
Qp = collision integral; 
ov and e = force constants, Lennard Jones: 
P = pressure, atm; 
N’se = modified Schmidt number; 
er = Lennard Jones’ function; 
Dr = diffusion coefficient; 
Dm = diffusion coefficient as calculated by GiLLI- 
LAND’s equation.* 











A simple method of estimation of liquid diffusion co- 
efficients has been developed by us® recently. Based on the 
concept of molecular property of diffusion coefficient, the 
new correlation was obtained with a help of a new dimen- 
sionless number «V»/D. The molecular volume, molecular 
weight and viscosity are the three factors which determine 
the diffusion coefficient. Molecular volume is obtained easily 
by Kopps’ Law of addition using Le Bass values. Data are 
tabulated in McCaBe and SmiTH, REID and SHERWOOD and 
by Wiike" (for the molecular volume). There is no con- 
troversy over molecular weight, and the viscosity can be 
easily evaluated by ARNOLD’s equation’ if experimental 
values are not available. By this method we have shown 
that the diffusion coefficients can be evaluated within an 
average error of +10 per cent. 

In the present work the same approach has been employed 
to calculate the diffusion coefficients of various substances 
in binary gas systems. The diffusion coefficients of various 
substances in air have been calculated and tabulated in 
Table I. Just as water was chosen as the liquid system 
reference state, we have chosen air as the gaseous system 
reference state. A molecular weight range of 2-250 has been 
covered; wide discrepancy exists in the case of ammonia, 
sulphur dioxide, chlorine, bromine and iodine. It is well 
known that these are highly polar gases and it is their 
high association ability which causes this deviation. So if a 
correction factor can be introduced in any one of the 
properties which determine the dimensionless number, we 
may be able to arrive at a true picture. Molecular weight 
and viscosity require no such correction. In our opinion, 
to take into account this extra association energy of the 
highly polar substances requires the molecular volume only 
to be corrected. 

Of the various assumptions regarding inter-molecular 
forces, the LENNARD JONES’ potentials expressed by 


w= «[(2) —(5)] 


are widelyemployed. This theory has been extended consider- 
ably to mixtures and polar compounds. Application of LEN- 
NARD JONES’ potential results in an equation for D2 in which 
the force constants and a collision integral (Qp) are employed 

ith * My 1/2 
0.0018587°* eee 

Po,,” QD 
This equation suggests that 7 and 2p are the two factors 
that play an important role in the chemical species of the 
substance, and affect the diffusion coefficient as well. The 
inter-atomic distance and the collision integral (Qn) [Op = 
kT /e=1.33T,] play a vital role in determining the molecular 
volume of the substance. In a highly polar substance the 
molecular volume as determined by the Kopp’s Law of 
addition to Le Bass values may not give a true picture. So 
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TABLE I.—Diffusion in Binary Gas System (Air) 


























































































































(Dezp experimental; Dr this work) 
uVm . 19: 
No. Substance M Vin u 10° D Dep Dr T Remarks 
Poise N’ se cm? sec cm* sec K 
| |Ammonia oo | 2 | #=2=206 | 000 =| «4210 °®&©| One 0.279 273 | Wide discrepancy— 
see Table 2 
2 Carbon dioxide 44 34.0 15.0 3.751 0.136 0.125 273 
3 Ethanol z 46 59.2 8.50 3.812 0.132 0.120 298 
4 Sulphur dioxide 64 42.2 12.50 4.32 0.122 0.070 273 
5 Benzene 78 96.0 7.46 7.44 0.096 0.087 298 
6 Chiorine 70 48.4 14.0 5.464 0.124 0.094 273 
7 Carbon disulphide 76 66.0 9.54 7.12 0.0883 0.080 273 
8 Ethyl acetate 88 108.6 6.4 9.806 0.0709 0.0736 273 
9 Ethyl ether 74 97.6 7.55 8.18 0.0896 0.095 293 
10 Methanol 32 42.5 9.50 2.492 0.162 0.156 298 
il Nitrobenzene 123 117.0 10.0 13.46 0.0868 0.0854 298 
12 Pyridine 91 102.0 10.0 9.50 No data 0.105 273 
0.260 
13 Water 18 18.8 11.5 0.880 eit 0.241 273 
14 Acetic Acid 60 68.4 9.0 5.769 0.1067 0.1023 273 
15 Acetone 58 74.0 7.40 6.62 0.0826 0.0950 273 
16 n-Butyl alcohol 74 103.6 7.0 10.28 0.070 0.093 273 
17 Bromine 159.8 $3.2 17.0 me 0.090 0.050 273 
18 Carbon tetrachloride 152 101.2 10.0 16.32 0.062 0.059 273 
19 Chlorobenzene 112.5 115.0 6.50 12.05 0.062 0.060 273 
20 Iodine 254 77.0 13.6 ae 0.0834 0.0353 273 
21 Aniline 93 110.2 6.2 9.78 0.0726 0.0681 298 
22 Hydrogen 2 14.3 8.8 0.205 0.612 273 
23 Nitrogen 28 15.6 17.0 1.980 0.1344 0.1248 273 
24 Oxygen 32 25.6 20.0 2.80 0.180 0.205 273 
* Calculated using force constants 
TABLE I1.—Diffusion of Highly Polar Gases 
(T = 273°K) 
No Gases Te 6 Qp Q)6 (9)6 Vn C. Va N’se N’se M 
°K A (Qp) w (o)w Cale. from 
=C Graph 
~ ? | Ammonia | 405.4 2.60. 1.520 0.801 21.6 ‘472,32 0.87 0.80 17 
2 Chlorine 417.2 4.115 1.544 1.286 48.4 62.26 7.03 7.00 70 
3 Bromine 575.0 5.27 1.80 1.924 53.2 102.6 19.10 19.00 159.8 
4 lodine 826.0 4.982 2.114 2.137 77.0 164.5 27.0 29.0 254 
5 Sulphur dioxide 430.4 4.290 1.562 1.36 42.2 57.40 5.90 6.30 64 
6 | Water 647.0 | 2.649 _— 1.861 1.0 18.8 18.8 - 0.88 18 
we believe if a correction factor is introduced based on these u Vn " 
two important molecular properties, viz., 7, ©p, in the D= (SD 3 10 
molecular volume for the highly polar substances we may ; 
be able to arrive at a correct picture of the molecular Model Calculation: Ethyl Acetate 
volume. For this once again we have chosen water as the From Table I, M = 88 
reference state, as it is the universal solvent. The ratio of Vm = 108.6 
the products of these two properties for water and for other n = 6.4 X 10° 
systems should perhaps be the true correction factor; hence Dexp = 0.0709 
()e@Qo)e _ , Vm 6.4 x 10-5 « 108.6 ones 
Q a N sc = = 9.806 1o-* 
(o)w (Qp)w ) ad 0.0709 
The reasoning behind this arbitrary assumption is that the — 9,806 
extra association of the highly polar substances is due to y 6.4 108.6 
the interatomic distance and the individual chemical charac- Dr = 10? x u Vm ) - | — <x 10? 
teristics of the substance, which are brought out by o and 0.122M — 1.3 9.43 one 


Qp. In determining the molecular volume, we have to give 
due allowance for the extra association of the highly polar 
substances, over and above a certain reference state. This 
allowance can be of the form of a correction factor. For 
the reference state we have chosen water, as it is the universal 
solvent. So when molecular volume is multiplied by this 
correction factor and the corrected molecular volume is 
used for the calculation of modified Schmidt number, we 
have found a remarkable agreement in the case of sulphur 
dioxide, ammonia, chlorine, bromine and iodine. The values 
agree with the graphical values which we have obtained 
from Curve 1. In Table I the discrepancy is shown. In 
Table II the recalculated values are given along with the 
values obtained from the graph for the respective molecular 
weights. This method reduces the error for the highly polar 
gases to a maximum of 7.0 per cent. Values, whether the 
gases are highly polar or not, may be taken from the graph 
or calculated from the equation, because both take the 
correction into account. 


Procedure: Diffusion coefficient in Binary Gas System: 


Calculate N’s- for known values of D.z, and plot against 
the molecular weight or use the equation 
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The following equations were employed when experi- 
mental values were not available: 








ins 0.00270M!'? T,1'2 | T,3!2 
ee V2 T, + 1.470 
Th 
@ = tr 
Til2 ‘. g yo 
Dm = CS 5m + Vagi8y2 “A M4 ~ Mp 
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Fig. 1. A discussion in progress on a British stand 
representing companies selling plastics-forming machinery. 





HIS year’s Brno Fair, which had exhibitors from 37 coun- 

tries compared with 28 last year, differed from its fore- 
runners in the grouping together of equipment of the same 
type. This proved a useful improvement, one which made it a 
great deal easier for the visitor or prospective buyer to locate 
and study equipment in a given field. The reason for this step 
given by FrantiSek Krastir, Minister for Foreign Trade, was 
the continually-growing proportion of engineering goods, in- 
cluding equipment for the chemical industries, in Czecho- 
slovak trade. 

Other points in favour of this year’s exhibition were the 
symposia held to discuss developments in various engineering 
fields. In one of these, T. B. RyBak, of the Panelit Co. presented 
a paper on the design of centralized control systems for 
chemical plant' and another paper by Dr. ING. KALTENECKER, 
of Karlsruhe, described the features and uses of the Siemens 
contactless control technique for chemical processes. Equip- 
ment of this type was shown by Siemens at the exhibition.’ 

Chemical plant, as a result of the new arrangement, was 
conveniently grouped together under a single roof, but it was 
perhaps a pity that foreign exhibits were not more numerous. 
As it was, this section of the Fair was a virtual monopoly 
of Czechoslovak firms, with products of the Kralovopolska 
Works especially prominent. One feature of this section, in- 
cidentally, was the appearance of Japan although in a small 
way with illustrations of equipment only; another was the 
high proportion of novelties and equipment unfamiliar to 
British eyes, Details of the more important hardware follow. 





Fig. 2. A section of a floating roof designed 
for tanks made according to the helicoidal method 
shown by Technoexport. 
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Ammonia Synthesis Reactor 

The main exhibitor of chemical plant, the Kralovopolska 
grouping with several fabricating plants devoted to various types 
of construction and supported by its two chemical engineering 
research establishments, displayed a number of pieces of equip- 
ment, in particular a complete unassembled synthesis reactor.* 

In dimensions 1 m i.d. and 18 m length, and suitable for 
a working pressure of 325 atm, the design follows normal prac- 
tice in placing the heat exchanger and the catalyst sections 
within a single vessel (Fig. 5). 

The contact section contains five adiabatic catalyst beds, of 
which the third, fourth and fifth are cooled by fresh synthesis 
mixture. The cooling of the second bed is done in a heat 
exchanger, the main part of which is under the contact basket 
and a second, substantially smaller exchanger, is between the 
first and second catalyst beds. The advantage of this arrange- 
ment is that there is less dilution of ammonia content in the 
synthesis gas and particularly that a higher temperature gradient 
which decreases with increase of the ammonia content of the 
synthesis gas can be used. In this way one increases the overall 
heat transfer of the exchanger keeping the area constant or, 
keeping the heat transfer constant, one can reduce the height 
and increase the catalyst quantity. 

A mixing chamber is provided between the catalyst beds to 
ensure thorough mixing of fresh synthesis gas with that from a 
lower bed. Thermal insulation is attached to the inner part of 
the reactor, the purity of the insulating material being carefully 
examined for absence of catalyst poisons. The high-pressure 





Fig. 3. A model of a new Czechoslovakian mercury 
cell for the electrolysis of brine solutions. 
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Fig. 4. Fittings were plentiful. Left: A valve 
actuator of Polish make. Right: A Czechoslovakian 
rubber-lined valve. 


cover is, therefore, not brick lined and there is little difficulty 
in assembling the complete unit. Thus the inner part is assembled 
first and inserted into the high pressure cover lying horizon- 
tally, and then the beds are filled with catalyst. An electric 
resistance pre-heater is inserted into the inner part of the 
reactor through an opening in the top lid and secured with a 
flange. The pre-heater is not mechanically connected with the 
inner part of the reactor. 

The containing vessel was of the tape wound variety, but 
forged outer vessels are supplied for smaller assemblies. 

Reactors of the type and size shown are guaranteed to give 
an output of 200 t/d and a 300 t/d is now under development. 
The following are some operating data for the 200 t/d reactor: 
synthesis gas feed, 77,000 Nm*/h; cooling gas, 22,600 Nm*/h; 
w.p., 295 atm; inerts, 11.1 per cent; NHs3 at entry, 3.2 per cént: 
NH; at outlet, 17.8 per cent; outlet temp., 242°C; output of 
NHs, 229 t/d. 


Asymmetric Extraction Column 

This vessel departs from usual practice for RDCs in having 
an offset rotating disc system. This was fitted with some 36 
rotating discs with an equivalent number plus one of orifice 
baffles, the central apertures being offset corresponding to the 
position of the shaft. Diameter of column in its active section is 
0.6 m. Bearings for the central shaft are situated at approxi- 
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Fig. 5. A tape-wound pressure vessel for 
ammonia synthesis shown by Kralovopolska 
works. The flow system is shown right. 

V1 and V2 represent heat exchange sections 


mately 3-m intervals with supporting rings for bearings fitted 
between sections, the position of the bearings being readily 
adjustable. Rpm of the rotor can be within the range 300-550 
and the values of HETP range from approximately 0.4 to 0.8 m, 
depending upon such factors as the physical properties of the 
extracting system and the rpm. Throughput of either liquid 
phase is 10-30 m‘/h per m? of column cross-section. 

In comparison with other RDC extraction columns, the 
present column has a vertical baffle which separates the mixing 
space from the down- and up-comer. This gives two advantages; 
in the first place, it is possible to achieve in the calming section 
an uninterrupted separation of the two liquids, reduce re-mixing 
of the liquids and hence increase the effectiveness of the equip- 
ment. In the second place, with the same diameter of the column 
the wall of the vessel is closer to the mixing disc. This con- 
siderably improves the conditions for splitting the droplets, an 
action most marked in columns of large diameter. Another 
advantage is that additional sections are readily added. Applica- 
tions are extractions requiring four or more stages.* 


A New Design of Floating Roof 

A feature of this design is a flexible seal (Fig. 2) which is 
carried upwards by a floating pontoon. The sloping perimeter of 
the pontoon system is in contact with the sealing element (see 
photograph) which, at its lower edge, has a sloping surface in 





Fig. 6. A view of the ammonia reactor shown in 
Fig. 5. The central mounting pillar can be seen at left. 
In the foreground is a 100-MW turbine set. 
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Fig. 7. The top closure of the ammonia synthesis 
vessel shown in Fig. 5. Double-cone lens-rings 
rings are used for sealing. 
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Fig. 8. Some components of the CO scrubber. 
Another unusual method of construction shown 
by Kralovapolska. 


contact with that of the pontoon, The latter is made up of 
compartments 2.5 X 2.5 X0.25 m, fabricated from 3-mm sheet. 
The roof, constructed especially for the now standardized 
spirally-welded type (available in diameters of 12.5-45 m), 
eliminates vapour space at the liquid surface, minimizes evapora- 
tion losses, and, by being in contact with liquid surface, pre- 
vents accumulation of static. The use of independent compart- 
ments reduces the risk of sinking, and rain-water drainage is 
by means of flexible piping.’ 


Alkaline Chloride Cell 

This is a development of the bell-jar cell, a diaphragmless 
type which has been thought to be somewhat unreliable through 
difficulties in maintaining the alkali-salt-solution boundary. 
Moreover, large sizes with capacities in excess of 16 kA were 
not considered practicable. The design, shown by Techno- 
export, and the work of a research team at the chemical and 
metallurgical research establishment at Usti-on-Elbe, has a 
capacity of 100 kA. 

The design meets a number of requirements; the base must 
be perfectly flat and distortion-free; the mercury pump and 
hold-up vessel must deliver a constant flow Hg in order to keep 
the amalgam Na content constant; the anode-cathode distance 
must be adjustable during operation; and the anode contact 
resistance must be slight. 

In this cell the base is fabricated from steel plate and is 
unlined. After longitudinal welding it is stress relieved and 
then planed to remove high spots. The anode-cathode distance is 
easily adjusted by a handwheel screw device mounted in a stout 


List of devices List of fuels 
1. Atmospherical furnace A. Crude oil 
2. Atmospherical tower B. Motor spirit 
3. Vacuum furnace C. Heavy fuel 
4. Vacuum tower D. Paraffin-oil distillate 
5. Steaming columns for  side- (kerosene) 
products F. Gas oil 
6. Separating and reflux tanks G. Atmospherical residue 
7. Condensers H. Gas oil 
8. Exchangers 1. Light oil distillate 
9. Coolers K. Middle oil distillate 


10. Steam-air ejector and baro- L. Heavy oil distillate 
metrical condenser M. Asphalt 
11. Vacuum closure and oil 
separator 
12. Pumps 
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Fig. 9. Flow diagram of the combined atmospheric 
vacuum unit shown in model form by 
Technoexport. 
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threaded copper bushing; adjustment is sensitive to 0.1 mm 
and is fitted to each anode. The latter are made of impervious 
graphite impregnated with a polymerized wood resin. 

A smaller 40 kA unit of this design has produced 50 per 
cent NaOH and even a 70 per cent solution (suitable for direct 
flaking) over long periods, However, operation at the higher 
concentration requires greater current densities, amalgam tem- 
peratures of 80°C, while in the denuder 110°C was necessary to 
prevent solidification. Steam-jacketed pipes were also required, 
and maintaining the desired 0.01 per cent Na in the amalgam is 
also more difficult. A Cle purity of 98.7-99.2 per cent Ch 
0.2-0.6 per cent He was obtained. 

With the 100 kA model now in operation, the main differences 
compared with the prototype are avoidance of cross contacts 
at the cell top, solution entry and chlorine outlets at the base. 
The anode area is 2] m*, the Hg charge 2,300 +50 kg and the 
current density 5000 a/m?*, At this loading the potential in the 
brine is about 0.8 V for an electrode distance of 4.5 mm. 

Further developments in design can be expected, although 
it is considered that a better anode material will have to be 
found before greater current densities can be economically 
achieved. Attention is being given to the possibilities of Ti elec- 
trodes covered with a thin film of Pt; and new designs of vertical 
electrolysers are also being considered.® 


High-pressure Scrubber for Carbon Monoxide 

The principal feature of the Raschig-ring-packed vessel is 
the use of a central corrosion-free alloy tube upon which are 
shrunk a number of T section rings, which are welded circum- 
ferentially to rolled steel plates to complete the shell. The 
vessel is closed by forged steel flanges screwed to either end of 
the central tube, an arrangement which places the shell under 
compression. 

The construction allows the most suitable combination of 
materials to be used and large units can be built with only 
medium-size forging presses. The technique also cuts produc- 
tion costs appreciably—an advantage which may be enhanced 
when centrifugally-cast elements are used.’ 


Compressors 

In this field the main exhibitor was CKD, who displayed most 
types of compressor. The main emphasis, however, was on axial 
machines which, in this company’s view, are replacing radial 
machines on account of their greater efficiency, partly through 
the simpler and shorter path of gas during compression, with 
consequent lower operating costs and smaller and less weighty 
units. The machines are made in capacities, based on air at STP 
at the inlet, of 40,000-440,000 m*/h, with compression ratios 
approaching 7, and axial flow machines producing ratios of 8 
are now being developed. Applications include the supply of 
air for blast furnaces and for air separation plants.* 


Particle Reduction Machinery 

In this not strongly represented field the W. German firm Pall- 
mann showed a fine particle mill little known in Britain. Its 
main features are a solid-bladed rotor carrying diamond-shaped 
blades which rotate with close clearance within a space created 
by two conically-faced and grooved impact plates, one of 
which is driven counter to the blades. Behind this rotating 
plate is an induced-draught fan which withdraws the fine 
particles suspended in air through a small annular clearance 
between the stationary and rotating plates. Size is controlled by 
the extent of this clearance, which is readily adjustable by means 
of handwheels attached to the removable cover. This carries the 
feed duct as well as the adjustable stationary plate. 

Apart from ease of particle size control an advantage is 
durability, since size reduction does not depend upon a cutting 
or crushing action of the grinding surfaces, but upon impact and 
attrition of the particles upon themselves, caused by the régime 
of turbulence set up by the combined action of the moving 
parts. The machine is in sizes based on impact plate diameter of 
0.4 to 1.2 m, the largest having a dual drive of 100 kW total.® 


Complete Plants 

A number of models of complete plants were on view, Czecho- 
slovak layouts again being predominant. Three are worthy of 
mention: the distillation section of a paraffin dewaxing plant,” 
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2 Fig. 10. A rotating disc extractor with 
rotors, stators offset. Performance 

=) characteristics HETP vs rpm 

YS shown at right. 


a catalytic reforming plant'' and a combined atmospheric 
vacuum distillation plant (Fig. 9).'° The capacity of the first 
ranges from 75,000 to 130,000 tpa, its purpose being solvent 
recovery. The reforming plant is for the hydrogen refining of 
heavy aromatics and has a capacity of 100,000 tpa; petrol frac- 
tions produced have octane ratings of 82-90: working pressure 
is approximately 50 atm. The combined atmospheric vacuum 
plant produces gas, diesel and fuel oil from crude and will 
handle 1 million tpa of Arabian crude. 


Valves and Fittings 

The main exhibitor, Strojexport, displayed an array of fittings 
and valves, some with processing applications. These included 
stainless-steel stop and non-return valves and special valves in 
this material for HNO; at 100°C. Valves in other materials 
included rubber-lined and glass-lined valves of the Saunders 
type, “Y” type pure aluminium valves, cast steel refinery valves 
suitable for pressures up to 5000 psi and water-cooled stop 
and safety valves for ammonia synthesis plants. Materials of 
construction for the latter were Cr-Mo-Wo-Va steel. Strong 
points about many of these valves are the use of sintered carbide 
seatings as standard for all-metal types; X-ray testing of 
castings and forgings, testing of assembled valves for tightness of 
closure against operating fluid at working pressure; and final 
leak-testing carried out at 14 times the working pressure, again 
with the operating fluid. Valves are made according to various 
standards; e.g.. DIN, BSS, ASA, GOST, etc.” 

The ball valve for pulp plants shown by Nordarmatur also 
deserves mention; it is available in a two-way or three-way 
version in sizes up to 12 in.; it gives a dead-tight shut-off, and 
impurities cannot be trapped between the ball and seating, but 
instead are scraped off by each movement of the ball. Opera- 
tion can be manual, by pneumatic, hydraulic, or by electrically- 
operated gear. Materials of construction are Mo stainless steel.'* 

The automatic digester closure was another useful fitting 
shown by the same company (Fig. 11). This is self-sealing, the 
digester pressure acting as the sealing pressure, thereby eliminat- 
ing the need for special sealing devices. It is also completely 
safe because it cannot be opened unless the digester is pressure- 
free. In operation, when the digester pressure approaches the 
atmospheric the handle for the vertical opening motion can be 
placed in the open position, and the cover lid will thén open 
automatically once the pressure falls to atmospheric. This 
device clearly has applications outside the pulp digester field.% 

An eye-catching exhibit in this sphere was a hydraulically- 
operated spectacle-type gate valve of 3 m bore, a fitting suit- 
able for large gas mains such as are encountered at blast fur- 
naces,!® and at the other end of the scale was a novel flow-type 
steam trap, available in sizes up to 2 in. It gives a very tight 
shut-off when not discharging condensate. As a result, steam 
losses are not greater than 0.2 per cent of the weight of the 
condensate discharged; air venting also is not required.” 
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Fig. 11. An automatically-operated . 
digester closure shown by the Swedish 
firm Nordarmatur. = 





Valves and valve actuators designed for the automatic control 
of large-diameter high-pressure valves up to 2 m bore were 
shown also by Polish concerns. Such a design came from the 
Katowice Equipment Works, its main feature being a worm 
gear in a sealed casing driven by an asynchronous motor 
(Fig. 4), while a reduction gear controls the terminal switches 
for making or breaking the motor circuit. The extent of opening 
is shown upon an indicator dial and the readings can be trans- 
mitted over any distance. Manual control is possible when 
desired or in an emergency. Motors are 0.6-7.0 kW." 


Instruments 

The process control field was another to be well covered, 
for apart from numerous Czechoslovak exhibits of pneumatic, 
electric and combined electrical-pneumatic systems and, in 
addition to the Siemens exposition, Hartmann & Braun also 
had a useful display which included examples of the com- 
pany’s unitized “Pneutric” system. This is an explosion- and 
corrosion-free system whereby the value of the variable to be 
controlled can be represented either by a pneumatic or by 
an electric signal. The heart of the system is a pneumatic 
force-balance controller having the usual basic types of action. 
This can be transmitted pneumatically or by combined electric 
and pneumatic means. For example, if the control valve is 
situated at a considerable distance, then by means of suitable 
electric-pneumatic converters an electrical link can be interposed 
between controller and control valve to reduce distance-velocity 
lag. A number of detecting elements can be used such as instru- 
ments for gas analysis, pH value and temperature, all of which 
provide an electric signal which is converted to a pneumatic 
signal before feeding to the controller. Other detecting elements 
for level, pressure, differential pressure, give a pneumatic 
signal, The unitized nature of the system makes for easy replace- 
ment or alteration of the control system. For example, a cascade 
controller can be readily fitted within the control loop. Main-- 
tenance is also a simple, non-specialist affair.'® 

Also shown by this company was the computer Libratol 500, 
which attracted considerable attention at Achema, the emphasis 
being on its suitability for optimization control functions.” 


Separating Machinery 

Centrifuges included the Hungarian supercentrifuge shown 
at Achema, an excellent range of machines by AB Separator 
Co. and some sugar centrifuges including programme- 
controlled machines from Czechoslovakia. A new supercentri- 
fuge from the G.D.R., made by Heinz Jenetski, Engelsdorf, nr. 
Leipzig, has a maximum rpm of 40,000, giving a separation 
effect of 145,000 X g. Easy removal of rotor, operation under 
vacua down to 2 mm Hg abs and jacketing for coolants pro- 
ducing temperatures down to —20°C are features of the 
design. Movement of cover, coolant flow, application of vacuum 

Continued on page 855 
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Abstracts 


GROUP A— FLUID DYNAMICS 


Membrane Selectivity 

This paper is based upon a less general integration developed 
from the Nernst-Planck flux equations (to predict the behaviour 
of ion exchange membranes in forced diffusion cells) for the 


special case of a single one-to-one electrolyte. 
G. B. Wits and E. N. Licutroor, A.1.Ch.E.J., 1961, 7 (2), 273-6. 


Stabilizing Liquid-Liquid Dispersions by Trial and Error 
Experiments were carried out to test a theory which was 
developed to predict the range of conditions necessary to stabi- 


lize dispersions by agitation. The results support the theory. 
J. M. Cuurcn and R. Suiwnar, Ind. Eng. Chem., 1961, 53 (6), 479-84. 


The Short Vortex Tube 

The author includes a short history of the vortex tube in a 
theoretical analysis of the phenomenon, A conventional vortex 
tube requires very accurate manufacture. This article describes 
the short vortex tube developed by the author. It is compact and 
simple, and its operation is unaffected by slight inaccuracies in 
its manufacture. 13 refs., many diags. and charts, 

B. B. Parucexar, J. Refrig.. 1961, 4 (4), 74-80 


Tables Speed Viscosity Conversion 

The two tables provided here were assembled to make vis- 
cosity conversion easier, faster and more accurate, Both tables 
are complete; one is for the conversion of values of absolute 
viscosity and the other for kinematic viscosity. Conversion 
between kinematic and absolute viscosities is by means of fluid 


density. 
W. M. Unperwooo, Chem. Eng., 1961, 68 (17), 117-18. 


Bubble Formation at an Orifice in a Fluidized Bed 

Sand and alumina particles were fluidized with air in a 6-in.- 
dia. tube, 

The equation V = 1.378 G'!"/g°*—derived from a study of 
gas bubble formation at an orifice’ in an inviscid liquid—gave the 
bubble volume, V, in the fluidized bed for flow rates, G, up to 
10 ml/sec. At higher flow rates the experimental flow rates were 
smaller than the calculated ones. Bubble frequency was indepen- 
dent of bed height, air flow rate, nature and size of particles, 

D. Harrison and L. S. LeunGc, Nature, 1961, 190, 435 


Viscosity-Temperature Equations for Lubricants 

A number of 7-t relationships were studied using the observa- 

1 dy 
tion that ! ry is usually a polynomial in temperature. The most 
‘ 

accurate was the Vogel three-constant formula: » =k exp 
[b/(t + ®)], which is also convenient to handle mathematically. 
The more usual ASTM two-constant equation is not as reliable 
over wide temperature ranges. 14 refs., 14 charts. 

R. F. Croucn and A. Cameron, J. Inst. Pet., 1961, 47 (453), 307-13. 


Coal-in-oil Pipelining 

The article reports a lab study in which up to 35 per cent by 
wt of pulverized coal in oil was pumped along a 1-in. pipe, 45 ft 
long. Normal oil velocities prevent settling. Higher coal concen- 
trations increase pressure drop but do not block line. Method is 
applicable to finely ground coal as larger particles are further 
broken up by the pumps. Abrasion of pipe and pumps and sub- 
sequent separation of coal and oil have not yet been studied. 
Significant savings in long-distance transportation are expected 
from such a system 

N. Berxowrtz et al., Oil in Canada, 1961, 13 (11), 25-9 





The Production and Utilization of Butadiene, Folio 
No. 41 (November): the reference is A. A. APPLETON. 
J. Inst. Pet., 1960, 46 (443), 367-73. 





GROUP B— HEAT TRANSFER 


Heat Transfer from Short-finned Tubular Surfaces 

A method is presented to intensify the efficiency of heat 
transfer. 1-3 mm high spiral fins at 2-4 mm pitch length were 
prepared by pressing 20 mm nominal bore pipes. The wall thick- 
ness was 5 mm. By deforming the pipes in this manner the 
effective heat-transfer area increased by 200-250 per cent with- 
out increasing the overall physical dimensions of the heat ex- 
changer. The experimental results with this type of apparatus 
were expressed in a dimensionless form: 


h 
1.167 ¢ \ —0.75 = am 
Nu = 0.35 (5) (5) Re"-°4 77 | where h = height of 


fin, d = pipe diameter, s = pitch length. The equation applies 


to the region 10,000 > Re > 4000. 5 refs. 
N. Norkin and I. P. CHASCHIN, Teploenergetika, 1961 (6), 77-8. 


Thermodynamic Analysis of the Heat-transfer Conditions in the 
Steam Generators of Atomic Power Stations 

Based on the thermodynamic and technico-economical analy- 
sis of the heat-transfer conditions, the optimum temperature fall 

was found for the steam generators of the atomic power stations. 
Two types of power plant were treated separately, i.e., reactors 
with constant thermal capacity and reactors with variable 
thermal capacity. The increase of the steam generator size 
and the capital investment associated with it were weighed 
against the corresponding increase of electrical capacity, The 
constructional cost of the remaining parts of the power plant 
was relatively independent from the size of the steam generator. 


6 refs. 
D. D. Katarati, Teploenergetika, 1961 (6), 16-20. 


Heat and Mass Transfer from Humid Air 

The heat- and mass-transfer processes were studied in the case 
when water vapour condensed from a humid air stream on the 
walls of a rectangular duct. The Reynolds number was varied 
between 2000 and 30,000; the partial pressure of the water 
vapour (p) 0.01-0.3 atm; the ratio of the differences of partial 
pressures of water and air at the wall and in the bulk (k) 0.01- 
0.15, the temperature of the stream 15-80°C, wall temperature 
0-80°C. The total pressure was nearly atmospheric. 

Nun = f(Re, p, k) and Num = f(Re, p, k), but since the rela- 
tive vapour content was kept down to 1-30 per cent, the criteria 
p and k could be neglected without introducing great error. 
The reported equations were: 

Nun = 0.0031Re for 12000 > Re > 2000, and 

Nuun = 0.0236Re°* Pre* for Re> 12000. 
Pr = const. = 0.65 gave Nun = 0.0195Re®*, 

Under the investigated conditions, Nuw = Nuy, which 
proved the analogy of the heat- and the mass-transfer processes. 
2 refs. 

Iu. N. Pcneckin, Teploenergetika, 1961 (6), 72-5. 


Substituting 


Heat Transfer to Liquids Flowing in Helical Coils 

Experimental results are presented according to which the 
heat-transfer coefficient for the liquid film inside coils increases 
with the reduction of the radius of curvature. The pressure drop 
also increases, but only to a lesser extent. This fact justifies the 
wider application of helical coils with small radii. Graphs 
showing the increase factor of the heat- transfer coefficient (y) 
and the increase factor of the pressure drop (c) in the function 
of the curvature radius are given. It is noted that below Re = 
7000 the flow is not fully turbulent when the ratio of curvature 


radius to pipe diameter (>) is 12, and at (3) = 3 the criterion 


d 
is more severe and the Reynolds number must be over 11,500. 
3 refs 

I. Z. Aronov, Teploenergetika, 1961 (6), 75-7 
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Abstracts 


GROUP C—MASS TRANSFER 


Molecular Distillation 

The principles of the process and the equipment in commer- 
cial use are reviewed under the following sections: applicability, 
pot stills, rotary stills, falling film stills, centrifugal stills, wiped 


film stills, auxiliary plant and complete plant. 
P. R. Warr, Chem. & Ind., 27 May, 1961, 680-92 


Effect of Mass Transfer on the Velocity of Rise of Bubbles in 
Water 

Experiments are described in which soluble bubbles were 
allowed to rise in vertical tubes, 9 cm dia. by 270 cm long, com- 
pletely filled with water. For bubbles <7 mm dia., the rate of 
rise varies roughly inversely with the mass transfer rate, although 


for larger bubbles mass transfer has no significant effect. 
J. H. Leonarp and G. HouGcnuton, Nature, 20 May, 1961, 687-8 


Separation of 1,3-Butadiene and 1-Butene by Azeotrope Distilla- 
tion with Methylamine 

For preliminary calculation of an azeotrope column for the 
1-butene/butadiene separation, two- and _ three-substance 
equilibria were measured in the relevant pressure range. The 
results have been presented as a series of equations, and the tray- 
to-tray calculation has been carried out from the bottom up. The 
influence of temperature and of an excess of amine are deter- 
mined from the calculations. These were checked by an experi- 
ment in a small column. The agreement was very satisfactory 
and there was no need to vary the experimental conditions, 7 
refs., 6 charts, 1 table. 

W. HUNSMANN, Chemie Ing. Tech., 1961, 33 (8), 537-40 


A New Type of Column for Uranium Extraction 
A new type of column with agitated mixers has been developed 
for the liquid-liquid extraction of uranium. The column is 
equally suitable for the three process steps: extraction washing 
and re-extraction. Details of the construction and operation 
of the column are provided, 2 tables, 14 refs.. 1 chart, 2 diags. 
L. Zient. and F, Précer, Chemie Ing. Tech., 1961, 33 (8), 533-5 


Electrochemical Measurement of Mass-transfer Coefficients 
In redox electrolysis of the system potassium hexacyano- 
ferrate (II1)/potassium hexacyanate ferrate (III) with a con- 
ducting electrolyte, the limiting current is proportional to the 
mass-transfer coefficient. In the apparatus described it was 
possible to measure this limiting current, and hence the mass- 
transfer coefficient, with transverse flow at Reynolds numbers 
from 120-12,000 and a Schmidt number of 2780. Further, by 
isolating a longitudinal strip the distribution of mass transfer 
over the cylinder circumference was determined. This was 
found to be a minimum at the front stagnation point. A plot 
of the limiting current as a function of time yields information 
on turbulence in the region of the probe. The accuracy of this 
method of measurement is +2 per cent so long as the electrodes 
are not poisoned, 29 refs., 4 charts, 3 diags. 
P. GRASSMANN ef al., Chemie Ing. Tech., 1961, 33 (8), 529-3 
Comparison of Raschig Rings and Berl Saddles as Packing Materials 
An extensive study was carried out to find the relative merits 
of 15, 25 and 35 mm size Raschig rings and Berl saddles. The 
limiting velocity, the percentage wetting, the HTU (based on 
the gas film) and the pressure drop across the packing were 
found and compared in a mathematically deduced graphical 
form. It is concluded that the Berl saddle is better from every 
aspect and its wider application is forecast. The limiting velocity 
and relative wetting are higher for the Berl saddle, the HTU 
is significantly smaller in many cases and the pressure drop is 
only about 60 per cent that of the same size Raschig ring. 8 refs. 
H. Strentau, Chemische Technik, 1961 (1), 21-4 


Falling Liquid Sheets—A New Mass Transfer Device 

A liquid sheet column 1.5 X 3 in. and 4 ft long was made by 
feeding water over taut, parallel, vertical strings. Its per- 
formance was tested by absorbing NH; and COs from air into 
the water. A high throughput was obtained with low pressure 
drop and good mass transfer characteristics. 2 figs., 1 diag. 
» Le Roy A. Bromiey et al., Ind. Eng. Chem., 1960, 52 (4), 311-12 


Absorption and Humidification 
This unit operations review includes new HTU and HETP 


design correlations for calculating tower capacity. 70 refs. 
M. Leva and C-Y Wen, Ind. Eng. Chem., 1960, 52 (4), 340-2 


870 


Multi-molecular Adsorption Equation 

An equation, which applies quantitatively to the entire range 
of relative vapour pressures, is derived for the multi-molecular 
adsorption isotherm, in the range where capillary adsorption is 
insignificant. At lower relative vapour pressures, this equation 
reduces to that of Brunauer, Emmett and Teller. The equation 
showed good agreement with data in the literature. 26 refs. 

R. R. Rounstey, A.1.Ch.E J., 1961, 7 (2), 308-11. 


Investigation of the Cyclone Separator in a Circuit of Natural 
Circulation 
The present trend in the steam generating plants is to produce 
high-pressure steam with the least possible wetness. This article 
reports on the results of investigations carried out with a cyclone 
steam separator in the 9-33 atm pressure range. The wetness 
fraction of the steam leaving the separator was plotted against 
the loading of the separator and from this the following formula 
was deduced: 
v.e \1-73 


per cent. 
Pp 


where w = wetness, per cent; 
v.p = weight loading of cyclone (kg/m* sec); 
p = pressure (atm). 

With caution, this formula can be used for the design of geo- 
metrically similar cyclones of varying sizes. The leading dimen- 
sions of the cyclone are diameter 16cm, height 60cm. A 
detailed description of the complete separator set-up is given 
in the article. The comparison of cyclone separator with the 
conventional steam separator shows that for equal loading the 
wetness of the steam leaving the cyclone separator is well 
poe the wetness of steam from the other type of separator. 
5 refs. 


B. A. Dementiev et al., Teploenergetika, 1961 (5), 52-7 


Investigations on Dynamic Osmotic Measurements 

Dynamic methods of determining osmotic pressure of macro- 
molecules were employed on polyethylene glycols of various 
molecular weights with Cellophan 600 and glass membranes. 
Rapid absolute determination has been possible from the solu- 
tion permeability and the rate at which the solution reaches 
equilibrium, to the extent that certain secondary errors are 
eliminated. The measurements on practically semi-permeable 
membranes yielded the theoretical osmotic pressure in dynamic 
measurements both with and without superimposed external 
pressure. In measurements on permeable membranes the 
osmotic pressure, 7s, influenced by the Staverman effect was ob- 
tained. The proposed methods are suitable for measurements on 
unstable substances, thick membranes and highly viscous 
solvents. 26 refs., 4 charts, 9 tables. 

H. G. Evsas, Chemie Ing. Tech.. 1961, 33 (5), 359-64 


Air Cooling in Foam Air Washers 
This type of apparatus is roughly ten times more compact than 
the nozzle-type air washer. Apart from efficient cooling, a 
400 mm high foam layer provides over 99 per cent scrubbing 
of the dust, oil and acid content of the air. Furthermore, signi- 
ficant ionization takes place, and, according to many specialists, 
the presence of the resulting light-negative ions improves the 
comfort of the inhabitants in the air-conditioned space. The 
temperature difference between the air and the water leaving the 
washer is very small: thus the use of relatively warmer water 
is permissible. The relative humidity of air at the exit is 90-98 
per cent and is independent from its inlet humidity. A dimen- 
sional diagram of the apparatus is given, together with a neat 
mathematical treatment for the calculation of heat transfer in 
the foam air washer. The heat transfer coefficient was found to 

be 
212 we5 pg'**5 A §-35 


Cc 3 
gl 0® 0.22 Agi®)*** H®-35 kcal/ m hr) 





ky 


where subscript g refers to air: 
w = velocity (m/sec); 
p = density (kg/m*); 


AS = height of overflow opening (m); 
H = height of foam layer (m); 

“ = viscosity (kg/m sec); 

\ = heat conductivity (kcal/m hr °C). 


The accuracy of this formula has been confirmed by experi- 
ments. 5 refs. 
S. A. BoGatyxu, Khol. Tekh., 1961 (2), 31-5. 
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Abstracts 


GROUP C — MASS TRANSFER (contd.) 


Effect of Vibration on Natural Convective Mass Transfer 

Small horizontal cylinders subliming to room air were verti- 
cally vibrated at 20-118 cycles/sec. The coefficient of mass trans- 
fer increased up to 660 per cent with both frequency and ampli- 
tude, the latter having a more pronounced effect. 11 refs. 

R. Lemiicu and M. R. Levy, A.J.Ch.E.J., 1961, 7 (2), 240-2. 


Drying—A Unit Operations Review 

A recent development is the adaptation of spray driers to the 
agglomeration of dehydrated food products into a spongelike 
mass. New equipment includes double-cone vacuum driers and 
a continuous, indirect, rotary cooler (Roto-Fin) in which both 
the coils and shell surface are available for heat transfer. The 
fundamentals section covers drying with superheated steam, 
drying of thick porous bodies, recent developments in ultra- 
sonics in drying, and drying in spouting beds. 

New applications of spray driers, freeze driers, rotary driers, 
flash driers, soap driers, ceramic driers, kraft pulp driers and 


others are reviewed. 33 refs. 
P. Y. McCormick, Ind. Eng. Chem., 1960, 52 (5), 439-41 


The Solubility of Compressed Gases in Water 

The solubility of CHs, Ne and CO: in water at 25°C and 
pressures up to 450 atm has been investigated. An equation was 
derived from Henry’s Law to predict the solubilities of these 
gases within the limits studied. The solubilities of mixtures of 
these gases can be calculated from the data of the individual 
gases and the activity coefficient of the components in the gas 


phase. 
A. Y. Namior, J. Phys. Chem., U.S.S.R., 1960, 34 (7), 760-3 


The Effect of Fluidization on the Kinetics of Deuterium Exchange 
Reaction Between Water Vapour and H,* 

This was studied in the presence of Ni catalyst supported on 
chromium oxide. The effect of linear velocity of reactants, size 
of catalyst grains and height of catalyst bed was investigated. 

The results indicate that the conversion ratio in fluidized and 
fixed beds depends on linear velocity of reactants passing 
through a maximum, and to rise with increasing height of the 
catalyst bed. 

It has been found that the apparent activation energy in a 
fluidized bed is lower than in a fixed one. 

A method of determination of fluidized bed uniformity, on a 
basis of reaction kinetic data, was proposed. The dependence 
of the apparent activation energy in a fluidized bed on the bed 


uniformity was discussed. 28 refs., 1 flow diag., 17 charts. 
A. Sececxt, Chemia Stosowana, 1961, V (22), 169-84 


The Interphase Surface and the Relative Drop Volume at 
Pneumatic Dispersion 

This is the second part of a communication, following a pre- 
vious article by the same authors in which they discussed the 
mechanism of dispersing immiscible liquids by blowing them 
through a gas. The interphase surface is composed of drops 
which are produced by pulsating turbulent streams in the 
liquids. It was found experimentally that the break-down of 
those drops which have greater diameter than the biggest stable 
drop in the turbulent stream is independent from the viscosity 
of the medium. Furthermore, when immiscible liquids are 
pneumo-dispersed the surface tension does not affect the drop 


size and consequently the area of the interphase surface. § refs. 
Vv. N. Soxotov and A. S. ResHanov, Zhur. Prikl. Khim., 1961 (5). 
1047-52 


Criterional Equation of the Extraction Process 

A set of differential equations with initial and boundary con- 
ditions was drawn up to describe the process of extraction by 
single droplets in a hollow spray column. The general solution 
is given in the form of dimensionless groups. Such dimensionless 
groups were deducted, which made it possible to evaluate the 
effects of the velocities of both the continuous and the dis- 
persed phase. Thus Ki =f (Rec, Rea, Ar, Fo, Pre, Pra, G), 
where, Ki = > = Kirpitschev’s number, Re = Reynolds 

c 

number, Ar = Archimedes’ number, Fo = Fourrier’s number, 
Pr = Prandtl’s number. G = criterion of geometrical similarity, 
a = diameter of droplet, « = coefficient of mass transfer, D- = 


diffusion coefficient. 4 refs. 
K. Liveeva and N. I. Smirnov, Zhur. Prikl. Khim., 1961 (5), 1058-62 
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Controlled Cycling Distillation 

Controlled cycling is a new method of operating a variety of 
equipment. Applied to distillation, it leads to new and improved 
types of equipment for conventional processes. The first part of 
this paper describes the application of this method to sieve 
and screen plate towers, and the second part to a packed plate 


column. 
R. A. Gaska, J. R. McWuirter and M. R. Cannon, Ind. Eng. Chem., 
1961, 53 (8), 630-4. 


Evaporation 

This unit operation review covers the years 1959 and 1960. 
Main world-wide interest in evaporation concerns production of 
fresh water. Commercial developments are motivated by steam 
economy, reduced downtime for cleaning, and improved pro- 


ducts. 66 refs. 


W. G. Depert, Ind. Eng. Chem., 1961, 53 (8), 669-73. 


Interphase Turbulence and Mass Transfer 

Sufficient experimental results were obtained to determine 
precisely the conditions at which interphase turbulence is pro- 
duced, At the surfaces of both the gas and the liquid phases 
there are vortices formed under the influence of the Zhukov 
forces which intrude into the corresponding phases, thus causing 
increased overall turbulence and improving the mass transfer. 
The intensity of turbulence is a function of the surface tension, 
which, in turn, is a function of the concentration and tempera- 
ture. The three possible cases, i.e., when do /dx is greater, smaller 
or equal to zero are treated separately, and the influence of 
do/dx on the intensity of mass transfer is discussed. ( = surface 
tension, x = concentration of the more votatile component.) 
The study of the surface tension gradient is relatively the most 
important for the sieve tray columns because of their construc- 


tional characteristics. 14 refs. 
Vv. V. Kararov, Zhur. Prikl. Khim., 1961 (5), 1061-5. 


Modellization of the Chemisorption Processes 

It was found that a laboratory column (23 mm dia.) filled with 
Fenske rings was a perfect model of the industrial absorption 
columns which were packed with Raschig rings, when the hydro- 
dynamical conditions were similar. 

First the slightly soluble gases were investigated, such as the 
COn-H2O, SO2-H2O, Ch-H20O, O2-H2O systems, at wide ranges 
of L/G, o/m, de, temperature and initial gas concentration 
(Cog). Kafarov’s equation originally deduced for the industrial 
columns was found to be correct for the model apparatus, Thus: 


Nu = 0.1 “ - Ref* . Prf™ (1 + f) 


0.246 0.137 0.0274 
tm a.(E)% (2). (4) 
f= G Ue 


and A = 1.256 for the industrial apparatus; A = 0.325 for 
the laboratory apparatus; d- = equivalent diameter of the 
column; der = equivalent diameter of the ring (Raschig or 
Fenske); the rest of the notations have their usual meaning. 

The Kafarov equation for the easily soluble gases, such as 
the NH;-H2O, HCI-H2O systems has the following form: 


Nug = 0.0315 & Re,** . Prz*** (1 + f) 
0.405 0.225 0.045 
where f= c(Z) es) (2 ‘) 
G Ug 
- Cina. . . ‘ . 
The ratio ony in the function of the Reynolds number is given. 
ap. 


5 refs. 
*. 2. GOLDBERG and V. I. Kutscnertavy!, Zhur. Prikl. Khim., 1961 (4), 
794-8) 


Pulse Columns: Hydrodynamic Behaviour and Mass Transfer of a 
Solid Sphere in a Continuous Pulsed Medium 

The relative velocity variation of dron/continuous-phase in 
pulse columns has been studied theoretically and experimentally. 
The conditions at which the direction of relative velocity may 
change during the pulsing period were determined, and tests on 
the naphthalene-air system have shown that when the relative 
velocity is reversed mass transfer is significantly increased. In 
order to increase mass transfer in this way, high pulse frequencies 
must be applied. 

It was also shown that a dror in a pulse column is the centre 
of form oscillations, and the amplitude of these oscillations is 
maximum when there is resonance between the natural fre- 
quency of the drop and the pulse frequency. Thus, taking into 
account the work of Siemes and Franke, the efficiency of a pulse 
column might be improved by pulsing at the natural frequency 


of the drops. 18 refs., 2 diags., 12 charts. 
R. Sr.-James and G. P. GranaM., Génie Chim., 1961, 86 (SI), 1-15. 
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Abstracts 


GROUP D—PHYSICAL SEPARATIONS 


The Present State of Knowledge on Salt Flotation. Part Il: 
Mineral Solubility, Collector and Mineral Structure in Selective 
Flotation 

In Part I the various theories for selective flotation were dis- 
cussed and Part II considers the influence of mineral solubility 
and of the structure of the “collector” and the mineral. In Part 
III the influence of pH value, surface and boundary surface 
potentials will be discussed. 17 refs., many charts, diags., tables. 

A. StIncewaLD, Chemie Ing. Tech., 1961, 33 (8), 558-71. 


Crystallization Equipment—Theory 

This article is the first part of a review on crystallization 
equipment, The more important fundamentals upon which the 
design of crystallizers can be based are reviewed and discussed. 
Emphasis is placed upon crystal size and crystal size distribution 


in batch and continuous operation. 18 refs. 
H. M. Scuoen, Ind. Eng. Chem. 1961, 53 (8), 607-11. 


Crystallization Equipment—Design 

This is the second part of a review on crystallization equip- 
ment. Crystallization is controlled by many interrelated variables 
and the design of units can be reduced to problems in mass 
transfer, heat transfer, mixing, size classification, solids separa- 
tion, crystal growth, etc. The author discusses the numerous 


design considerations of these units. 15 refs. 
W. C. Saeman, Ind. Eng. Chem., 1961, 53 (8), 612-22 


Crystallization Equipment—Applications 

This third part of a review on crystallization equipment des- 
cribes tank, draft-tube and growth crystallizers and their appli- 
cations. 

D. E. Garrett, Ind. Eng. Chem., 1961, 53 (8), 623-8 


A Bench-scale Crystallization Purification Column 

Fractional crystallization has not been as widely used com- 
mercially as its potential value justifies, because crystallization 
equipment has remained undeveloped and inefficient. A counter- 
current crystallization purification column was developed which 
has operated successfully for over five years in a p-xylene plant. 
It is efficient and simple, and it promises to ¢xpand the industrial 
use of crystallization in separation and purification. A bench- 
scale model of the column is described, with test procedures 
for demonstrating its applicability for various systems. 6 refs., 


I fig., 7 charts, 6 tables. 
I McKay et al., Ind. Eng. Chem., 1960, 52 (3), 197-200 


Concentration of Settled Beds of Thoria Slurry* 

The variation in concentration of settled beds of flocculated 
aqueous suspensions of thoria was studied experimentally as 
a function of the calcination temperature and particle size of 
the thoria, the temperature and initial concentration of the 
suspension, and the concentration of added chromic acid. Values 
of the ultimate settled-bed concentration were obtained by 
several methods. Dilatant plastic behaviour of one suspension 
was considered responsible for the formation of intractable plugs 


in long vertical tubes. 21 refs.. 6 diags., 4 charts, 4 tables, 

D. M. ErssenserG. Report No. ORNL-3107, UC-4-Chemistry. Availabic 
from O.T.S., Department of Commerce. Washington, 25, D.C., U.S.A 
Price $0.75 


Effect of Acceleration Force on the Settling Rates of Flocculated 
Thoria Suspensions* 

The effect of varying the acceleration force imposed on several 
sedimenting flocculated thoria suspensions was briefly studied. 
It was found that the Stokes’ law prediction of a linear relation 
between the hindered-settling rate and the acceleration is not 
valid for the slurries tested, probably due to channelling of the 
escaping water. The settling rate in hindered settling was found 
usually to be proportional to the 0.65 power of acceleration. 

Compaction-settling rates were initially independent of 
acceleration. The rate-controlling factor was probably the vibra- 
tions of the centrifuge during operation. 

Channelling occurs in the hindered settling of thoria slurries 
at gravitational acceleration. It is believed that channelling is 
also involved in the deviation from Stokes’ law of settling rates 


at high acceleration. 7 refs.. 2 diags., 7 charts. 

D. M. EtssenserG. Report No. ORNL-3076. UC-4-Chemistry. Available 
from O.T.S., Department of Commerce, Washington, 25. D.C., U.S.A 
Price $0.50 
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GROUP E— PROCESSING 


Continuous lon Exchange Equipment 

This can be used for treating water or dilute wastes, and is 
highly efficient for (a) water softening; (b) demineralizing bicar- 
bonate water; (c) removing fission products from radioactive 
wastes. The author outlines the operation of the Higgins con- 
tinuous counter-current solid-liquid contactor and provides 
details of its application to the above three processes, 5 refs., 5 


diags., 4 charts, 1 table. 
. R. Hicors, Ind. Eng. Chem.. 1961, 53 (8), 635-7 


Pyrolysis of Coal and Shale 

This unit process review is presented in two parts and covers 
the period late 1959 to early 1961. The pilot-plant carboniza- 
tion of coal in fluidized-bed systems is receiving world-wide 
attention. In the U.S.S.R., commercial coke oven technology is 
again a major interest. In the U.S.A. shale activity is restricted 


to pilot-plant studies. 106 refs. 
M. Gomez and C. H. Prien, Ind. Eng. Chem., 


1961, 53 (8), 674-9. 
Liquid Phase Oxidation of Isobutane 

High yields of tert-butyl hydroperoxide from the liquid phase 
oxidation of isobutane at low conversions can be achieved by 
excluding metal ions capable of decomposing hydroperoxides. 

Because no solvents are used, low conversion runs must be 
made below 134°C, the critical temperature of isobutane. High 
conversion continuous runs can be made above 134°C using 


only reaction products as solvents. 6 refs., 4 tables. 
 E. WINKLER and G. W. Hearne, Ind. Eng. Chem., 1961, 53 (8), 655-8. 


Separation of Strontium-90 from Calcium 

This separation is effected by a continuous liquid-liquid ex- 
traction process which uses (a) an acetic acid-acetate buffered 
aqueous phase, and (b) an alcohol additive (2-ethylhexanol) in 
the organic phase to reduce distribution coefficients and to 
reduce the effect of organic phase loading on distribution coeffi- 
cients. 

The product contains >99 per cent strontium and no calcium. 


6 refs., 2 flow diags., 4 charts. 
R. E. McHenry and J. C. Posey, Ind. Eng. Chem., 1961. 53 (8). 647-50. 


Effects of Oxidants on lon Exchange 

Oxidizing agents present in water have varied effects on ion 
exchange materials. Cation exchange resins are oxidized by Cl: 
this limits the operating value of the cation resins in 
demineralizers—it results in serious fouling of strongly basic 
anion resins and in contamination of demineralized water. The 
article shows how the life of cation exchange resins can be 
appreciably extended by removing the chlorine with reducing 


agents such as NaoSO; and SOs. 7 refs., 4 charts, 1 table. 
Wirth, Jr., et al., Ind. Eng. Chem., 1961, 53 (8), 638-41 


Solvent Extraction Process For Protactinium 

This patent deals with a process for separating protactinium 
from thorium present together as the nitrates in a 0.1 to 10 N 
nitric acid solution. The separation is carried out by extraction 
with an aliphatic alcohol, ketone and/or ester having at least 
six carbon atoms, such as n-amyl acetate, 2-ethyl hexanol and 


diisopropyl ketone. 
E. a I. Katzi~n and M. J. Wor, U.S. Pat. No. 2,978,294, 
issued April 4, 1961 


Recovery of Plutonium by Carrier Precipitation 

This patent deals with a process for recovering plutonium 
from an aqueous nitric acid zirconium-containing solution of 
an acidity between 0.2 and 1 N by adding fluoride anions (1.5- 
5 mg/l), and precipitating the plutonium with an excess of 


hydrogen peroxide at from 53 to 65°C. 
H. GorckerRMANN, U.S. Pat. No. 2,978,295, issued April 4, 1961 


Method of Obtaining Uniform Coatings on Graphite 

This patent relates to a method of obtaining uniform carbide 
coatings on graphite bodies. According to the invention, a 
metallic halide in vapour form is passed over the graphite body 
under such conditions of temperature and pressure that the 
halide reacts with the graphite to form a coating of the metal 
carbide on the surface of the graphite. 

1. E. Campsett, U.S Pat. No. 2.978.358, issued April 4. 1961 


Pilot-plant Unit for Continuous Methanolysis of Glyceride Oils 

A simple and efficient system is described for continuous 
methanolysis using an alkaline catalyst. A volume of oil six 
times the free volume of the reactor is converted to methylesters 


in 1 hr at 100°C. 8 refs., 1 flow diag., 1 chart, 1 table. 
P. M. JancaarD and F. A. Vanpenneuver. Can. J. Ch. E., 1961, 39 (4), 
172-4 
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The Audco Hypreseal Type 
Valve has a positively seated 
plug which is permanently in 
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regardless of the 
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unnecessary and leakage to 
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Abstracts 


GROUP H — DESIGN 


Steam Flow Through Orifices 
This nomogram is used to calculate the flow of saturated 
steam through an orifice, when the downstream pressure is less 


than 58 per cent of the upstream pressure. 
E. J. Gippons, Chem. Eng., 1961, 68 (16), 154 


Air Compressor HP and Operating Costs 
This nomogram provides a rapid method of finding hp and 
operating costs for centrifugal air compressors operating 


between 10,000 and 100,000 cfm and 50 to 2000 psig. 
S. Katett and P. Wettman, H.P. & Pet. Ref., 1961, 40 (7), 210 


ASME Head Design Simplified Using Influence Coefficients 
Recent studies show that formule for designing vessel heads, 
given in the ASME Unfired Pressure Vessel Code Section VIII, 
predict low stresses under certain conditions of vessel shape and 
pressure, In these investigations the stresses in pressure vessels 
were calculated with a computer and a method was developed 
based on the Galetly scheme, whereby influence coefficients are 
used to solve the basic differential equations of the bending 
theory for thin-walled vessels under internal pressure over a 
wide range of shell and head dimensional parameters, Twelve 
simplified charts greatly reduce calculation time. A numerical 


example is given. 12 refs., 2 tables. 
R. Maccary, H.P. & Pet, Ref., 1961, 40 (7), 155-62. 


Reboiler Selection Simplified 

In this article the author analyses six reboiler feed systems and 
presents the advantages and disadvantages of each, The feed 
systems are of three kinds: net bottoms feed recirculating, gross 
bottoms feed once-through, and mixed bottoms feed recirculat- 
ing. The characteristics of the following reboilers are described: 
vertical and horizontal thermosyphon reboilers, kettle reboilers, 
pump-through reboilers, internal reboilers. Calculation pro- 


cedures are included. 11 diags. 
K. Jacoss, H.P. & Pet. Ref., 1961, 40 (7), 189-96 


New Design of Ammonia Tank Evaporator 

This unit was developed for a compressor factory and con- 
sists of sections of stamped welded plates. Considerable economy 
is achieved in seamless piping. Tests have shown that the appara- 
tus has a high specific cooling effect per sq m, and it is not 
inferior to the vertical coil evaporator. The new evaporator may 
be used without major changes as an accumulator of ice water. 


2 diags., 3 charts. 
B KHARCHENKO and A. I, SHuvatov, Khol. Tekh., 1961 (1), 17-20 


Vacuum Crystallization of NH:Ci 

The principal factors influencing the crystallization of NH;Cl 
were determined in the lab. On the basis of the results and of the 
analysis of a polythermal diagram of the system NH,«CI-NaCl- 
H20, a vacuum, three-stage, continuous, semi-industrial crystal- 
lizer was designed, The experimental results agreed closely with 
the predicted results. The volumetric efficiency of the apparatus 
was about five times that of batch crystallizers. Production was 


24-25.5 kg of crystals/cu m/hr. 11 figs., 4 tables. 
J. Synowtec and J. Pasis-Macnes, Przem. Chem., 1960 (3), 161-7. 


Short Cuts to Tower Foundation Design 

This article presents two nomograms for short-cut graphical 
solutions to the analytical formula techniques requiring trial- 
and-error calculations. It supplements an article, “Foundations 
Design for Stacks and Towers”, by V. O. Marshall in the 


May 1958 issue of Pet. Ref. 
F. Kuona, Pet. Ref., 1960, 39 (3), 202-4. 


Charts Speed Pressure Vessel Design 
Three charts are provided for rapidly calculating the shell 
thickness of pressure vessels in accordance with the revised 
1959 edition of ASME Unfired Pressure Vessel Code, Section 8. 
R. Cuuse, Pet. Ref., 1960, 39 (3), 217-1 


How to Design Safe Flare Stacks 

The authors consider problems of blowout associated with 
the upper limit of flame stability, limits of inflammability, and 
heat damage from flame radiation. The discussion is illustrated 
by a detailed calculation, and a comprehensive bibliography 


is included. 
J. D. Hasex and E. E. Lupwic, Pet. Ref., 1960, 32 (7), C44. 
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GROUP G— MISCELLANEOUS 


Reducing Corrosion of Power Plant Condenser Tubing 

The paper describes how tube failures ceased when Feo(SO,)s 
was added to the water supply of condensers cooled by water 
from St. John’s River, Jacksonville, U.S.A. Experiments were 
made to determine the proper amount of Fe2(SO,)3 to be added, 
frequency of addition, relative effect of chlorination, acid clean- 
ing in service, re-establishment of protective iron film and other 


significant parameters. 5 refs., 2 figs., 7 charts. 
W. Bostwick, Corrosion, 1961, 17 (8), 12-19. 


Corrosion Control Aspects of Circulating Cooling Water Treat- 
ment 

The main objectives in treating cooling water are reviewed 
and means are suggested for controlling scale formation. The 
factors which determine the choice of a water treatment system 
are considered and some examples of successful systems are 
described. The effect of biological agents and treatment chemi- 


cals on tower wood is also considered. 
J. M. Brooke and B. G. Witt, Corrosion, 1961, 17 (8), 22-5. 


Physical Properties of Liquid Xylenes 
This nomogram gives the physical properties of the three 
liquid xylenes, It has been constructed from literature data. 
P. Tans, Pet. Ref., 1960, 39 (1), 170. 


Project Evaluation and Plant Design using the Venture Worth 
Method 

The Venture Worth method establishes a model for determin- 
ing the financial attractiveness of an investment. The model is 
developed in this article, which also contains two examples of 


typical applications. 9 refs., 4 tables. 
J. Hapret and W. H. Kaprer, "C.E.P., 1961, 57 (8), 46-50. 


Hydraulic Method of Flushing out the Crossover Elbows of Coke 
Oven Ascension Pipes 

The introduction of this method to a coking plant has resulted 
in halving the number of workers required on the gas collecting 
main. Further mechanization will eliminate labour altogether. 
3 diags. 
(MF Gonoresxo and A. T. Pozuipaev, Coke & Chem. (U.S.S.R.), 1961 
(4), 29-30. 


Correlations in Heterogeneous Catalysis 
Many of the existing correlations in catalysis are empirical, 
based on elementary models, The classification of correlations 
into types and classes which is proposed in this paper is based 
on simple kinetic criteria, Examples are given, and the underlying 
concepts and their limitations are discussed. 37 refs., 8 charts. 
M. J. Bouparp, C.E.P., 1961, 57 (8), 33-41. 


Catalyst Replacement Economics 
The author presents a method for predicting: optimum 
catalyst life, period between regenerations, and total catalyst 
cost under optimum conditions. The method applies where 
catalyst behaviour can be predicted and translated to a cost. 
An example illustrates the method. 1 ref., 7 charts. 
P. R. Watton, C.E.P., 1961, 57 (8), 42-5. 


Expansion Estimating 
The article describes an estimating system of projecting 
equipment prices to installed cost by the use of factors. The 
approach and simplified statistical methods used to develop this 
octmating system can help others to establish a similar system. 
. M. Wappett, C.E.P., 1961, 57 (8), 51-6. 


The Fate of Radioactive Effluent Discharged from the A.E.R.E., 
Harwell, into the River Thames—A Preliminary Survey 

Liquid radioactive waste is discharged into the Thames from 
the A.E.R.E., Harwell. The results of this radiometric survey 
of the river below the effluent outfall show that a significant 
amount of the ™Cs, which is the principal radioactive con- 
stituent of effluent, is removed from solution in the river 
water absorbed on the river bed. This effectively reduces the 
concentration of ‘Cs in drinking water derived from the river. 
Enhanced activity on the river bed persists for many miles 
below the outfall, but is not sufficient to raise radiation levels 
in air significantly above background at any point. 

Concentrations of “Cs in both weed and fish sampled below 
the outfall are greater than in similar samples collected above, 


but are well within the permissible levels. 
A. MorGan and Mrs. G. . ARKELL, Report No. AERE-R. 3555, avail- 


able from H.M.S.O., price 4s. net. 


Stainless Steel Protects Pipeline Insulation ' 
Stainless-steel sheet 0.01 in. thick has been found a satisfac- 
tory covering material for pipeline insulation. It is also competi- 


tive with other insulation coverings. 
ANon., Chem. Eng., 1961, 68 (17), 146-7. 
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With the recent addition ofa number ofnew, improved grades ofcorrosion- 
resisting cements, the already extensive PRODORITE range is now the 
patents owned by Farbwerke Hoechst A. G. and PRODORITE have the 
sole U.K. manufacturing rights. 
| | | ] 

A super potassium silicate cement which has valuable proper- 

ties and advantages over existing silicate cements. It has a 

greater adhesion to acid-proof bricks than any other silicate 

provides a mortar for a wide variety of applications including 

foundation work, bedding and jointing pipes and tiles, lining of 

tanks, vessels and power station chimneys. 

the well-known general purpose Cement Prodor S.W.D., which 

is still available. It too has increased adhesion to acid-proof Cement Prodor is used for these power station chimneys 

bricks; reduced porosity and an increased compression strength 

NEW ASPLIT 0 steel strip pickling plant 

This is a special resin cement which has been developed for the 

more compléx problems of dealing with acid/alkali conditions. 

with foodstuffs or beverages without danger of tainting. Its 

adhesion properties are excellent, and it will harden even under 

cold conditions in 24 hours. It is an excellent bedding and 

This new resin cement has been developed for use in situations 

which do not demand the more expensive Asplit O. This does 
not imply that it is a second grade cement, but only that it is 


most comprehensive and complete in the world, and PRODORITE hold 
These are the new cements— 

cement; has a lower porosity; will resist all acids except hydro- 

NEW CEMENT PRODOR H.P.D. 
although not as high as H.F.R. Both of these cements have 
It is entirely resistant to acids, alkalies, bleaching solutions 
jointing mortar, and is available in slurry form also. 
available as an alternative for economic reasons, It has a high 


total leadership in this field. The new cements are covered by world 
NEW CEMENT PRODOR H.F.R. 

floric, and has the highest known strength in compression. It 

An improved sodium silicate cement which is a development of 

excellent resistance to acid solutions. Chemical resisting cement used in a continuous stainless 

and most solvents. Most important, it can be used in contact 

NEW ASPLIT C.N. 
resistance to oxidising solutions. 





The CEMENT PRODOR and ASPLIT range of corrosion-resisting cements complement each other, so that from 
these two types a suitable cement can be found to solve any chemical corrosion problem. 


For full technical information, including detailed specifications of these new cements, 
the services of the Prodorite Sales and Technical Organisation are at your disposal. 
Preliminary advice and inspection is available free of charge. 


3& SEND FOR YOUR FREE COPY OF THE PRODORITE BOOKLET 


This stiff-cover publication contains 25 pages of invaluable information about the products 
and services of the Prodorite Organisation. It includes photographs of actual installations 
and details of the Prodorite research, development and consultation services. Technical 
information is also available in leaflet form. Please quote reference number: P.103 


Write to 
PRODORITE LIMITED, (Chemical Engineers and Consulting Contractors) 
EAGLE WORKS, WEDNESBURY, STAFFS. Telephone: Wednesbury 1821 (10 lines) 


London Office: Artillery House, Artillery Row, S.W.1. Telephone: Abbey 7601 (6 lines) 
ASSOCIATED COMPANIES THROUGHOUT THE WORLD 
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GROUP G— MISCELLANEOUS (contd.) 


Evaporators 

This is a theoretical analysis based on the premise that the 
deposition may be regarded as a simple crystallization process 
of anhydrous CaSO, taking place on a heating surface super- 
heated above the saturation temperature of evaporator liquid. 
The authors show that this simplified treatment is applicable to 
evaporation of sea-water seeded with fine anhydrous CaSQ, 
crystals to suppress scale formation. 

By this simplified treatment, the surface temperature, two, of 
the heating surface in contact with the evaporator liquid is 
shown to be an important factor which determines the rate of 
scale formation. tw depends on which side of the heat-transfer 
wall—the liquid side or the vapour condensing side—has greater 
resistance to heat flow 

The eq. dt/d@ = (Ksw/ps) (Ce — Cow) gives the rate of scale 
formation and eq. t = (Ksw/ps) (Ce — Csw)’? gives the thickness 
of the scale. 

An analysis of published data on anhydrous CaSO, scale 
formation in sea-water evaporators shows a reasonable agree- 
ment between the measured data and the calculated values. 
Possible explanations for the deviation of the data from the 
theory are discussed. Some numerical examples are given show- 
ing that the theory can predict the actual scale formation 
reasonably well. 

Ce: concentration of CaSO, in evaporator liquor (gmCaSO,/ 
1); Csw: solubility of anhydrous CaSQ, in evaporator liquor at 
tw (gmCaSO,/l); Ksw: growth-rate coefficient of anhydrous 
CaSO, crystal at temperature ftw [(gmGo/Il)~' (cm*/I)~' (hr)~'); 
Go: total wt of anhydrous CaSQ, scale in evaporator (gm); ft: 
thickness of anhydrous CaSO, scale (cm or »«); @: time Sec 
ps: true density of anhydrous CaSO, crystal (g/cm'), 17 refs., 


diag., 6 charts. 
T. Mryaucnt and T. Moriyama, Chem. Eng., Japan, 1961, 25 (7), 531-7. 


The Use of Sintered Corindon in the Construction of a Chemical 
Reactor 

This is a detailed description of a reactor, containing sintered 
corindon tubes, designed for the synthesis of hydrocyanic acid 
from methane and ammonia. The Dechema 1959 prize was 
awarded to Dr. F. Endter for the development of this device. 

H. W. FLEMMING, Génie Chim., 1961, 86 (S1), 17-19. 


Molecular Vacuum Pump 
This patent describes a multiple molecular vacuum pump 


capable of producing a vacuum of the order of 10-* mm of Hg. 
. E. Ecxsperc, U.S. Pat. No 2,954,157, issued Sept. 27, 1960. 


Specific Heat Indicator 

This patent relates to apparatus for continuously and auto- 
matically measuring and computing the specific heat of a flowing 
solution. The invention provides for the continuous measurement 
of all the parameters required for the mathematical solution of 
specific heat, Logarithmic potentiometers are utilized in a unique 


manner to accomplish these results. 
F. L. Horn and J. E. Bryns, U.S. Pat. No. 2,983,145, issued May 9. 
1961. 


Versatile Vapour-Liquid Equilibrium Still 

This was designed for studies of vapour-liquid equilibria 
involving partially miscible systems. Features are: continuous 
recirculation to reach equilibrium, use of small quantities of 
highly purified and expensive materials, variation of operating 
pressure beyond the range permitted by glass stills, and simple 
metal construction. 

A centrifugal pump was utilized as a condensed vapour 
receiver; the results obtained on a variety of systems agreed with 
literature data, Variation in design and materials of construction 
should provide a versatile laboratory tool for research and 
routine investigations of all types of non-ideal systems under 


various pressures. 2 figs., 5 charts. 
Vv. Orr and J. Coates, Ind Eng. Chem., 1960, 52 (1), 27-30 


A Pilot-plant Building for Small-scale Operations 
The building described here has been designed to house a 
pilot plant to deal with a range of problems. Facilities are 
available for both bench-scale and pilot-plant operations and, 
after two years of operation, it has proved highly satisfactory. 
C. C. Japs, Ind. Eng. Chem., 1960, 52 (1), 9-12. 
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Corrosion of Benzole Distillation Columns 

This investigation was carried out on a 14-tray benzole 
column. Conclusions were as follows: (a) S cpds, chlorides 
cyanides and thiocyanates are corrosive impurities in the oil. 
Water increases their absorption by the oil. (b) Deep deoxida- 
tions of the saturator baths promote the release of corrosive 
compounds into the coke oven gas. (c) Plant equipment should 
be protected with additives and more resistant constructional 
materials should be used. Bakelite lacquer and acid-resisting 
cement are recommended coatings. Metallization with s.s, is also 


suggested. 1 fig., 5 tables, 
A. BELUKKA and I. S. Siporenko, Coke & Chem., U.S.S.R., 1961 (2), 
48. 


Fuel Efficiency in the Chemical Industry 
A lot of money can be wasted by paying insufficient attention 
to fuel efficiency. It is not sufficient to install the most modern 
steam-raising plant available; closer attention should be paid to 
the proper utilization of the available heat capacity. This article 
reports several case histories which illustrate this point. 2 figs. 
W. Suort, Chem. Proc. Eng., 1961, 42 (8), 343-7. 


Glass—A Material of Construction 

The article outlines the manufacture and properties of glass 
and discusses its applications as a protective lining and coating 
material. 6 charts, 5 tables, 

C. Tuorpe, Chem. Proc. Eng., 1961, 42 (8), 363-8. 


Figure Octanes of Blends this Way 
A simple method is given for working out the octane of 
blends. Data required are the paraffin plus naphthene concen- 


tration, and the octane rating of each component. 4 charts. 
L. C. Doerr and E. R. Westrie_p, Pet. Ref., 1960, 39 (1), 181-4. 


Find Physical Properties of Ethylene 
This nomogram has been constructed from literature data, 
and can be used to find numerous physical properties of vapour 


and liquid ethylene. 
. P. Tans, Pet. Ref., 1960, 39 (2), 124. 


Cut Foundation Costs for New Tanks 

For a new storage tank, a piled foundation can often cost as 
much as the tank itself. This article describes a method which 
gets away from pilings and reduces the cost of storage tanks. 

F. J. DiCorcia, Pet. Ref., 1960, 39 (2), 165-70. 


How Temperature Affects Reaction Constant 

This nomogram will rapidly determine the effect of temp. 
on the equilibrium constant of pyrolytic reactions of twelve 
light hydrocarbons ranging from CHs, which decomposes to 
C2Hy + 2He, to the n- and i- CsHio, which decompose ‘in several 
ways. 

G. E. Mapstone, H.P. & Pet. Ref., 1961, 40 (7), 168. 


Solenoid Membrane Valves 

The article describes a new series of solenoid membrane 
valves for water, brine, ammonia and freon. They have a mem- 
brane, a filtering device and a special spring for lowering the 
main valve disc. In valves with orifices greater than 15mm 
the pilot valve has a stationary seat which permits the use of a 
low power electro-magnetic coil. The membrane is only under 
} the overall pressure drop in the valve. The valves close slowly 
without hammering and operate reliably at pressure differences 


between 0.15 and 16.0 atm. 2 diags., 1 flow diag., 1 table. 
A G. RorennerG, Khol. Tekh., 1961 (1), 5-11. 


Crystallization in the Presence of Priming Crystals 

The sodium nitrate-water system in a stirred flask was the 
subject of the investigations, The speed of the stirrer was set 
at 0.6, 6, 60, 180 rpm in the different runs and the other para- 
meters were the quantity and the crystal size of the priming 
crystals added. The following conclusions were made: (1) The 
mean diameter of the crystals decreased as the stirrer speed 
increased. This was because the rate of nucleation increased 
more than the rate of crystal growth at greater turbulence. (2) 
At 0.6 and 6rpm the mean crystal diameter was bigger when 
no priming crystals were added, but at 60 and 180rpm the 
mean crystal diameter increased 20-25 per cent in the presence 
of priming crystals. (3) As the quantity of added priming 
crystals increased, the mean crystal size became less dependent 
from the stirrer speed. (4) At low revolutions of the stirrer 
96-70 per cent of the crystals were in aggregate form, while at 
high stirrer speeds this was reduced to 60-35 per cent. (5) With 
more intensive stirring, the temperature at which crystallization 
started, increased, thus indicating that less supersaturation was 


sufficient to start crystallization. 29 refs. 
L. N. Martusevitscn, Zhur, Prikl. Khim., 1961 (5), 986-94. 
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How to stop smoking 


The exclusive ““double scrubbing” action 
of the aMBuUCO Venturi (see below) 





The position of the nozzle 


of the AMBUCO Venturi can 
be adjusted (see below) 








Ambuco Venturi Scrubbers remove chemical 
fumes more efficiently because.... 


...... the exclusive ‘double scrubbing’’ 
action (Waagner Biro System) of the 
Ambuco Venturi forces the laden gases 
to pass through two complete cones 
of water. In the first cone the water 
droplets are relatively large and travel 
fast. In the second cone the water drop- 
lets are relatively small and travel more 
slowly, while the speed of the gas and 
particles increases. The resulting maxi- 
mum relative velocity ensures highest 
collection efficiency. 

seeses the position of the nozzle can be 
varied to control the size of the droplets, 
giving optimum removal of particles 
of a given size. 


AMBUCEO put dust in its place 


A Member of the Gold Fields Mining & Industrial Group. 


...... the pressure loss is relatively low 
resulting in lower power requirements 
without loss of efficiency. 

Tests have shown that Ambuco Venturi 
Scrubbers will remove up to 99-97% of 
particulate smokes and aerosols in the 
range 2 microns to 0-5 micron as en- 
countered in such materials as sodium 
chloride, ammonium chloride, phos- 
phorous pentoxide, etc. For example, 
sodium chloride fume with an inlet 
burden of 4-7 gr/cu. ft. can be cleaned 
to ‘007 gr/cu. ft. above 0-5 micron. 
Because of varying conditions, more 
specific information can only be given as 
a result of tests carried out at individual 
plants. 


Dust control is our sole concern and our 
design and engineering service is fully 
equipped to deal with all dust control 
and recovery problems employing scrub- 
bers, cyclones, grit arresters, fabric dust 
collectors and other equipment. 


For technical literature on Ambuco 
Venturi Scrubbers please write to 
AMBUCO Ltd., Standbrook House, 
2/5 Old Bond Street, London, W.1. or 
ring HY De Park 2178. 


ring HYDe Park 2178 
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Heat Transfer in Rotational Thin Film Evaporators 











































by Jiri Sestak Institute of Chemical Engineering, Prague CSSR 
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Theory | 

Heat transfer in a full-scale thin film evaporator (of the “Sambay” type) has been | 
the object of an extensive experimental study performed by KIRSCHBAUM and DIETER.’ | 
Experiments were done in a vertical, mechanically agitated apparatus with rotating | 
blades. 

Precise measurements of tube inside wall temperatures enabled the calculation of the | 
boiling film coefficients and to correlate the variables of major influence into the following | 
criterial relationship : l 

hy = 110(n/n)'? .k 
where /» = boiling film coefficient, kcal/m? hr °C; | 
n = rotor rpm, 1/min; | 
n = dynamic viscosity, kp sec/m?; | 
k = thermal conductivity, kcal/m hr °C. 

For readers not familiar with the metric system of units a short table of conversion | 
formulas is given below. - l 

Both the » and & refer to the boiling film descending vertically downwards (more 
precisely performing a helical downward motion). Values of » and k should be taken 
at the temperature /», corresponding to an arithmetic mean of the tube wall and boiling | 
film temperatures respectively, i.e., tm = (tw + f)/2. | 

The criterial relations is valid for liquid systems exhibiting true Newtonian behaviour; 

i.e., for systems where direct proportionality between shear stress and shear rate holds. | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Use of the Nomogram 

Given any particular values of n, » and k, the calculation of A» proceeds as follows: 
Connect or draw a line connecting the point “A” on the fy scale with the prescribed 
value of n (multiplied by 10-*) on the (mn) scale. The point of intersection with the 
auxiliary (m) scale is now to be connected with corresponding value of » on the (1) scale 
(multiplied by 10°). This line intersects the auxiliary (7) scale in another point, which again 
has to be connected with the appropriate value of k on the (k) scale yielding the last 
auxiliary point on the (k) scale. Connecting this point with the value “1” (which is 
common for both », n and k scales) on the scale of variables results in the desired value 
of A» (which, in turn, must be divided by 10-*). 


General Remarks 

Each construction starts at the point “A” on the /» scale and concludes with drawing 
a line connecting the value “1” on the n, », k scales with the auxiliary point on the (k) 
scale obtained in the een step. This nomogram has been established according to 
a general method outlined by FiscHER® and extended by KHOVANSKIJJ.’ 


Numerical Example 
Given: n= 160 rpm 
= 6.965 X 10-° lb; sec/ft? = 3.4 x 10-*. kp sec/m?* 
k = 0.0739 Btu/ft hr °F = 0.11 kcal/m hr °C 
Graphical construction performed in the figure (particular steps of which are indicated 
by small arrows) yields: 
hy = 0.95 X 10° = 950 kcal/m* hr °C = 194 Btu/ft® hr °F 
as compared with precise numerical calculation: 
hy = 945 keal/m?* hr °C = 192 Btu/ft® hr °F 





Conversion Formulz 


Heat-transfer coefficient : 

Btu/ft®? hr °F = 4.886 kcal/m? hr °C 
Dynamic viscosity : 

Ib; sec/ft? = 4.882 kp sec/m* (Ib = pound-force) 

Ibm /ft sec = 0.1518 kp sec/m? (Ibm = pound-mass) 

1 poise = 100 cP = 0.010197 kp sec/m* (kp = kilogram-force) 
Thermal conductivity : 

Btu/ft hr °F = 1.488 kcal/m hr °C 


REFERENCES 
* Kinscupaum, E., and Dieter, K.., Cionte. Ingenieur-Technik, 1958, 30, 715-20. 
* Fiscuer, J., Acta Hydrophysica, 1958, 5, 52-67 
* KHOVANSKU, G. S., Effective method of constructing nomograms for products of exponential functions. 
Computational Centre of the Acadamy of Sciences of the USSR, Moscow, 1959. (In Russian.) 
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Book Reviews 





Ihe Chemical Analysis of Air Pollutants 
by M. B. Jacobs 

(Volume 10 of a series of monographs on 
analytical chemistry and its applications) 
Interscience Publishers Inc., New York and 
London, 1960. 430 pp., $13.50 

EFORE tackling an industrial air 

pollution problem, we must know the 
type and quantity of pollution as this 
governs the possible methods that can be 
applied. The techniques which can be 
used for the analyses are largely conven- 
tional chemical methods with a novel 
twist. 

The “Chemical Analysis of Air Pollu- 
tants” gives detailed procedures for 
analysing quantitatively all the chemical 
compounds which are normally encoun- 
tered sulphur-containing compounds, 
halides, nitrogen compounds and ozone, 
the oxides of carbon, cyanide compounds 
and phosgene, organic compounds and 
radioactive materials. In addition 
sampling techniques, the measurement of 
gas flows and the evaluation of dusts, 
smokes and fumes are reviewed, Special 
chapters are devoted to the analysis of 
incinerator flue gases, motor car exhausts 
and odours. 

One disappointing feature of the book 
is that hardly any cognisance is taken of 
methods developed and used outside the 
United States since the war, the excép- 
tion being the D.S.I.R. Fuel Research 
Station publication “The Investigation of 
Atmospheric Pollution”. 

As the reviewer is not an analytical 
chemist, he is not really competent to 
criticize the individual methods presented 
for the various analyses. However, from 
the fairly detailed directions, the 
chemistry known to the average chemical 
engineer would be adequate preparation 
for carrying out the analytical techniques 
described. Further, the usual works 
laboratory would be able to supply the 
apparatus and chemicals required. This 
book will be of great assistance to all 
those who are concerned with the quan- 
titative evaluation of air pollution. 

W. STRAUSS 


Micro-organisms as Allies 
by C. L. Dubbington 
Faber & Faber, London, 256 pp., 25s. 

HE author does much more than 

merely indicate how micro-organisms 
are employed. He describes the nature 
and behaviour of bacteria, yeasts and 
moulds in a way which the intelligent lay- 
man can understand yet without con- 
descension and without offence to those 
who may be more expert. He discourses 
freely on the manufacture and virtues of 
fermented beverages of all kinds, paying 
due tribute to technological advances, 
whilst regretting what many like him will 
regard as a decline in quality, At times 
cynicism and facetiousness colour his 
comments, but this does not detract from 
the value of the text, which is eminently 
readable. He outlines briefly the history 
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of beer-, wine-, spirit- and bread-making, 
before passing on to the newer and more 
strictly controlled industrial uses of 
micro-organisms and finishes with a 
glance at the crystal-ball. The book is 
well produced and illustrated, its short- 
comings few and outweighed by its vir- 
tues. It can be recommended to anyone 
who wants an outline of an interesting 
field, and may stimulate many of its 
readers to extend their reading. 
NORMAN BLAKEBROUGH 


Liquid Rockets and Propellants 
edited by L. E. Bollinger, M. Goldsmith and 
A. W. Lemmon 
Academic Press, 1960, 682 pp. 

HE criteria for judging a book of this 

nature are not too obvious, If, indeed, 
the obvious criteria are taken, we do 
not get satisfactory results. For example, 
does this book tell us how to make a 
successful rocket? The answer is negative. 
For this purpose the book is neither suit- 
able to the small boy who lives at the 
end of the road nor to the rocket engineer. 

The book is a collection of papers 
derived from a symposium held by the 
American Rocket Society. It appears to 
be, to a considerable extent, a collection 
of exercises performed in public to show 
that in the United States there are a large 
number of firms with scientific men en- 
gaged in the rocket business. We get the 
suspicion that most of the papers have 
been approved for publication because 
they have no other use for them. The pos- 
sible exception to this sweeping imputa- 
tion is the group of papers which deal 
with instrumentation for the study of 
pressure oscillations, From the chemical 
viewpoint there are several contributions 
of interest. Among these are a discussion 
on the preparation of liquid ozone and 
a study of catalytic units for the decom- 
position of hydrogen peroxide. In the 
combustion section there are several 
studies of the rate of burning of droplets 
which connect with the normal informa- 
tion on the burning of conventional fuels. 


Physikalische Grundlagen der Chemie- 
Ingenieur Technik (Physical Principles in 
Chemical Engineering) 
by P. Grassmann 
939 pp., 80 DM, £7 5s. 

HE literature on chemical engineering 

has been deeply enriched by recent 
publications of as many books as in the 
whole period before the nineteen-fifties. 
Apart from the usual text-books, descrip- 
tive works, scientific monographs, etc., 
there have been several attempts at inte- 
gration in the form of handbooks or en- 
cyclopedic works. BROwN’s Unit Opera- 
tions, in which the operations were only 
related by arrangements of chapters, was 
followed by Foust’s et al. Principles of 
Unit Operations, and Birp’s et al. Trans- 
port Phenomena, both works moving 
away from the many unit operations to 


the few processes with which chemical 
engineers are concerned. COULSON and 
RICHARDSON’S Chemical Engineering has 
been followed by the 12 volumes of 
Chemical Engineering Practice (of which 
more than half are already published) in 
which the classification is based on under- 
lying physico-chemical principles rather 
than the operations which give effect to 
them. 

These Anglo-Saxon developments have 
had no parallel in Germany, where hand- 
and text-books dealt with the chemical 
technology of the operations such as 
ULitMan’s Encyclopadie der Technischen 
Chemie (20 volumes, of which 12 are 
already published), WINNACKER and 
WEINGARTNER’S Chemische Technologie 
(5S volumes—1950/4) and HENGLEIN’S 
Grundris’s der Chemischen Technik 
which was completely rewritten (ninth 
edition, 1955). 


Physikalische Grundlagen der Chemie 
Ingenieur Technik breaks with tradition 
in Germany, where the chemie-ingenieur 
technik was predominantly based on in- 
dustrial chemistry, a marriage between 
chemistry and mechanical engineering. 
This first German attempt at an integra- 
tion of the unit operations on the basis of 
their common physical processes has 
been very successful. An eminent experi- 
mental physicist (not even a_physical- 
chemist) with wide experience over the 
whole field wrote single-handedly this 
monumental book of about 1000 pages 
and 400 illustrations. It is, therefore, an 
integrated work and, as expected, is full 
of cross references; so much so that the 
temptation of reading several chapters 
concurrently is difficult to resist. Because 
of the spread of the field, the treatment 
has sometimes to be more restricted and 
elementary than is desired (e.g., two-film 
theory of mass transfer only; co- and 
countercurrent forms of heat exchange 
only); and the 2000 references to original 
and/or more advanced work are there- 
fore welcome. It is particularly pleasing 
to note that the author is well acquainted 
with British and American sources and 
makes adequate use of them. Indeed, one 
has the impression that here, for once, 
integration of western sources of informa- 
tion has been achieved (Russian sources 
are unfortunately conspicuously absent). 
In addition, about 200 examples (many of 
the quiz type) are set and often elaborate 
solutions are provided so that the book 
will be used in the classroom as well as 
in the laboratory. 

The unit operations are only briefly 
sketched. For instance, distillation absorp- 
tion, extraction, etc., are only mentioned 
as introductory examples to mass trans- 
fer, and filtration, fluidization, conveying, 
etc., are treated in not more than four 
pages each. About one-third of the book 
is devoted to the theory and application 
of fluid mechanics, and momentum—heat 
—and mass transfer (the physical prin- 
ciples of combustion are omitted), The 
rest is divided between Thermodynamics, 
Theory of Probability, Kinetic Theory of 
Gases, Strength Properties of Solids, Sur- 
face Properties of Powders, the Theory 
of Models and Dimensional Analysis. 

PauL EISENKLAM 
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VIKING Gear-within-a-Gear Pumps are now made in England by Zwicky Ltd., 
Buckingham Avenue, Slough, under licence from the Viking Pump Company of 
Cedar Falls, Iowa, U.S.A. 


The first-ever pump to be designed on this principle was manufactured by 
the Viking Pump Company at its Cedar Falls Works in 1911. Now 50 years 
later there are over 750 standard catalogued designs, and many custom-built 
VIKING PUMPS in operation throughout the World. 


The full range of VIKING 
PUMPS extends from pumps of 
% gallon per minute capacity up 
to designs delivering 1,050 
gallons per minute — minute 
not hour. 






Model J 151 
A Viking Multi- Ring, 
General Purpose Pump 
designed to handle 
low viscosity liquids. 






Zwicky Ltd., an old established Company, are specialist manufacturers of 
Pumps, Filters, Controlled Pressure Valves, Floating Suction Headers, Shut-off 
Valves, Bulk Loading Arms, Aircraft Refuellers and Dispensers, and other 
Please address enquiries and requests for ancillary components of systems handling oil and related products, including 
illustrated literature to: bulk storage systems. 


ZWIGKY LTD., Buckingham Avenue, Slough, Bucks 


TELEPHONE: SLOUGH 21201. TELEGRAMS: ZWIKLIM, SLOUGH 
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HEN using electrical tubular heat- 
ing elements in the construction of 
an experimental furnace it was found 
that the wire terminals on the elements 
available were not long enough to bring 
all the leads to a common junction box. 
As the leads were to pass through the lag- 
ging of the furnace, any joints made had 
to withstand a fairly high temperature, 
and ordinary screw connectors failed, The 
existing tail leads were connected to the 
element by “crimping” the wire into a 
small-diameter heat-resisting steel tube at 
the end of the element. A similar method 
was adopted for joining the extra length 
of tail lead. Short lengths of tube for con- 
nection were taken from the ends of old 
elements and satisfactory joints were 
made using a simple “crimping” tool 
(see diagram), 
This tool was made from a block of 
mild steel 24 in. X 2 in. X } in, to 


Hopper Flow Problem 


N some experimental work it was 
required to maintain a steady feed of 
an irregularly-shaped granular material 
from a storage hopper to a steep chute. 
At first it was hoped that the material 
would flow steadily from the hopper to 
the chute under gravity alone. It was 
found, however, that the rate of dis- 
charge was irregular and, at _ times, 
stopped altogether owing to bridging 
effects in the discharge pipe. In an 
attempt to improve the steadiness of dis- 
charge a commercially available vibra- 
tor unit was attached to the lower sloping 
walls of the hopper. This measure met 
with little success, since the application 
of vibratory action to the walls tended to 
make the particles pack more tightly. 
The problem was eventually overcome 
by a somewhat unconventional vibratory 
approach as illustrated in the diagram. 
The vibrator unit (A) was bolted to the 
lid (B) of the hopper, the vibrator frame 
and the hopper lid being separated by a 
}-in.-thick rubber pad (C). In this way 
vibrational movement of the hopper body 
itself was kept to a minimum. The main 
vibratory action was then transmitted 
from the central moving plate of the 
vibrator to a vertical rod (D) which 
passed centrally, right through the hopper 
and contents, out of the discharge pipe 
and into the chute. This vibrating rod 
ensured that a freely moving core of 
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which was welded a short length of 4-in. 
B.S.P. pipe to serve as a handle. A 1} 
in. X } in. square hole was cut in the 
centre of the block. The “crimping” jaws 
were also made of mild steel, but case- 
hardened after forming. The bottom jaw 























material was maintained in the hopper by 
preventing arch formation in the outlet 
pipe and so gave a continuous and steady 
rate of discharge. 


High Temperature Wire Connections 


was permanently fixed in the slot by tack 
welding. The upper movable jaw was 
retained in position by pieces of mild- 
steel sheet welded to the sides of the block 
with the jaw in position. 

Pressure is applied to the jaws for 
“crimping” through a }-in. B.S.F. high- 
tensile bolt that passes through the top of 
the block. For easy operation a handle 
was welded to the bolt head. The leads 
were joined by crimping in the wire at 
both ends of the connecting tube. The 
resulting joint was neat and strong and 
was easily covered by ceramic beads, but 
of slightly longer diameter than those that 
were used for insulating the rest of the 
wires, 

The tool was also used for repairing 
broken terminals on other elements by 
cutting back the outer sheath to expose 
a new length of connecting tube into 
which the lead wire could be “crimped”. 





Contributions 
invited 


The Editor invites contributions 
to “Process Engineer’s Notebook”. 
They should preferably deal with 
practical devices designed to over- 
come problems for which stan- 
dardized equipment is not avail- 
able; hints for the improved design 
of conventional equipment; 
methods of improving equipment 
operation; safety devices; etc. For 
the most meritorious contribution 
the sum of 10 gns. will be paid, 
while other contributors will receive 
5 gns. They will be published 
anonymously or under the contri- 
according to his 


butor’s name, 


wishes. 
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Aerator for Laboratory 


Flotation Cell 


ITH a laboratory flotation cell some 

experimental work was performed to 
determine quantities of reagents and 
residence time for the concentration of 
some kad ore tailings. This cell required 
an aerator which would provide full aera- 
tion of the pulp in the cell, but at the 
same time could provide an air bubble 
size which could be easily varied and 
adjusted. Since mechanical agitation of 
the pulp was provided, it was considered 
that the resulting abrasion precluded the 
use of materials such as steel, copper and, 
in particular, lead, which might influence 
the results to be expected. 

Standard porous ceramic elements 
were available to satisfy these require- 
ments, but the bubble size could not be 
easily varied, since the pore size of the 
ceramic was fixed. Consequently, the en- 
closed aerator was constructed in high- 
density polythene, the end heat-sealed, 
and holes of a size rapidly amenable to 
adjustment were inserted with a full range 
of standard sewing needles heated up in 
an electric soldering iron element, 

This performed adequately, resisted 
abrasion, and starting with the finest 
needle, adjustment could be made until 
the average bubble diameter was the 
5 min. which formed the basis of the 
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z 3 
experiment fully reported elsewhere. 
(Fluid Handling, December - January 
1961-62). 


F. MOLYNEUX 


Inexpensive Drier Drive 


REQUENTLY, in the design of semi- 

technical and experimental plant, 
such as horizontal driers and mixers, a 
gearwheel of large dimensions is required. 
This can be inexpensively constructed 
from any standard chain which is fitted 
over an end plate or similar part which 
is machined to an outside diameter to 
allow an exact number of links to be 
fitted. Using two sprockets as rollers, one 
of which also acts as the drive, an effec- 
tive transmission system can be con- 
structed. 

Spot welding of the chain at intervals 
may prove necessary for extra-heavy 


INDUSTRIAL CHAIN 
(TACK WELDED AT INTERVALS) 





IDLE ORIVING 
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ROLLER ROLLER 
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duties; for most loads, however, this is 
not necessary. 
L.S.W. 
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“HORIZONTAL USE” 


Flow Control 
Switch 


| a gas recirculation system the flow of 
gas to a process reactor was controlled 
with a needle valve and measured with 
a rotameter. This kind of control was 
sufficiently accurate for the process in 
question, but a safety device was added 
so that the flow could not exceed a pre- 
set maximum value. This was achieved by 
using a proximity switch of the capacity 
change type that had previously been 
used for level control. The probe lead was 
secured to a Terry clip of the same dia- 
meter as the rotameter tube. The clip was 
moved into the position of maximum 
flow. If and when the float moved into 
the position of maximum flow, then it 
would be detected by a change of capacity 
that operated the proximity switch. The 
switch was used to operate a solenoid 
valve that relieved pressure from the high 
pressure to the low pressure side, con- 
sequently reducing the gas flow. 

The use of a proximity switch for detect- 
ing the float position in the rotameter 
could also be used in other systems, e.g., 
if used on the gas supply to a burner it 
could be set so that if the float moved 
away from the position of the clip probe 
either above or below the set value the 
switch could be used to operate an alarm. 
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SECTION OF ROTAMETER TUBE 


Polystyrene Packing 
for Biological Filter 


nee final stage of purification of waste 
water from a Canadian oil refinery 
was a biological oxidation filter packed 
loosely with rock. These rock beds often 
become clogged due to excessive bacterial 
accumulation and are effective to a depth 
of only about 6 ft. 

The rock bed was replaced with cor- 
rugated, moulded polystyrene packing, 
which provides greater surface to the 
bacteria, and renders the treatment effec- 
tive throughout the whole depth of 21 ft. 
The purified water is claimed to be 
odourless, colourless, tasteless and con- 
tains no suspended solids, 
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Cooling Towers 

The water to be cooled is distributed 
by means of a rotating arm above the 
packing, which consists of cellulose sul- 
phate treated with phenolic resins. 

The air is drawn up the packing by 
means of an overhead fan. Heat ex- 
change is by convection and evaporation 
during the countercurrent flow of water 
and air across the packing. 

The body of the tower is of polyester 
resin reinforced with glass fibre. Further, 
the towers are claimed to be very efficient 
and corrosion resistant. 

Ten models are available, ranging from 
a nominal cooling capacity of 20,000 














Keal/hr to 1,260,000 Keal/hr. Details j 
of four models are given below. S 
Model AXM 25 | 80 305 980 

Nominal capacity, Keal hr 25,000 80,000 305,000 980,000 
Power of fan, 0.20 0.35 3.00 11.00 
Make-up water, m* hr 0.08 0.27 1.0 3.2 
Tower weight, kg | 100 | 420 | 1500 1700 
Exhibited at MAC 61 by M.LT.A., Escher Wyss G.m.b.H., Lindau, West 

s.a.s. di Alberto Fontana & Co., 44 Via Germany. 


Vv. Monti, Milan. Manufactured by 
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Quartz Water Distillation Stills 

These water distillation stills are said 
to produce absolutely pure and sterilized 
water, Two units are available having 
capacities of 14 I/hr and 5 I/hr for a con- 
sumption of 1.2 kW and 3.8 kW respec- 
tively at 220 V. 

The still is fed with water which is pre- 
heated in the condenser and excess water 
in the still or in the feed tank overflows to 
waste. The heating element is also of 
quartz and provides a high thermal 
efficiency. 

To produce mono-distilled water, the 
unit is connected directly on to the water 
mains: for double-distilled water two 
units can be connected in series. If the 
raw water is hard then a dimineraliza- 
tion unit is recommended. Such units use 





SSO 


a synthetic resin which can be easily 
regenerated by flushing with a sodium 
chloride solution. If electric power should 


fail for long periods the still can be 
externally heated with a gas _ burner. 
Electro-Quartz, Nemours, S. et M., 
France. 
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Cryogenic Equipment 
Following a recently concluded agree- 
ment, the entire range of Ryan cryogenic 
equipment may now be manufactured at 
the Shipley works of W. P. Butterfield 
(Engineers) Ltd. A very comprehensive 
range of vessels and equipment for the 


transportation and storage of liquid 
oxygen, liquid nitrogen, liquid argon, 
liquid hydrogen, liquid helium, etc., to 
Ryan designs will be offered. W. P. 
Butterfield (Engineers) Ltd., Shipley, 
Yorks. 
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Electro-magnetic Control 

An electrically-operated final control 
element with a rate of motion infinitely 
variable, and which operates without a 
limit switch, has recently been introduced 
on the Continent. This reflects the trend 
towards electrically - operated control 
systems. In the new valve the signal from 
the controller is converted into corrective 
action without time lag or distortion and 
the dynamic characteristics of the con- 
trolled system determine the adjustment 
of the valve at the point where the con- 
trolled variable is manipulated. Instead 


of an automatic controller it allows a 
measuring instrument to be used which 
is fitted with a contact for transmitting 
a signal corresponding to any deviation of 
the controlled variable from the desired 
variable. It may be used for controlling 
temperature, pressure, liquid level, flow 
rate, humidity and so on. 

Accuracy is high and is dependent upon 
the accuracy of the signal sent from the 
contact-type measuring instrument. In the 
case of pressure control systems accuracy 
is about +0.75 per cent, in the case of 
liquid level control about +1 mm. and 
in the case of flow rate control +1 per 
cent. 

Where the control process is subject 
to substantial and rapid changes in load 
the valve will respond much more rapidly 
than most final control elements in exis- 
tence. There is no excessive corrective 
action or prolonged cycling. These advan- 
tages are obtained with a considerable 
reduction in equipment compared with 
pneumatic control systems. Weisheit 
Regeltechnik, Obering, Georg Weisheit, 
Essen, Bismarckstrasse 55, Germany. 

BCE 959 for further information 


Protective Lining for Valves 

Bascodur, an anti-corrosive protective 
lining for plug valves, globe valves, angle 
valves, low-pressure gate valves and sight 
flow glasses, is now available in the U.K. 
Bascodur is composed of a carbonaceous 
base agglomerated by means of a thermo- 
setting resin. It is highly resistant to corro- 
sion caused by chemical agents, acids, 
alkalis and solvents; it is capable of resist- 
ing elevated temperatures and performs 
excellently under rigorous hardness, shock 
and flexural tests. Due to this chemical 
and thermal resistance, these valves are 
intended for use under the most severe 
service conditions. The lining is also 
usable in the presence of radiation up to 
a dosage of at least 10° rontgen, subject 
to modifications which may occur if very 
strong chemical factors are added to the 
action of the radiation. 
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‘“‘Awordin your ear, Effendi’ 


“Valuable information Effendi. There is talk in the bazaars that 
Sharples are giving a complete chemical engineering service on any 
process connected with separation. A thousand thanks. You are my 


father and my mother, Effendi.” 
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The plug valves, globe valves and angle 
valves are all suitable for pressures of 
150 psi and temperatures up to 300°F. 
Globe valves are used where flow regula- 
tion does not permit the use of cocks, or 
when severe service conditions require 
tight sealing. Angle valves are similar in 
design and construction to globe valves, 
but are used for tank mounting where 
the space available cannot accommodate 
normal valves or plug valves. Low- 
pressure gate valves are designed for large 
flow capacities with low pressure loss. 


1.V. Pressure Controllers Lid., Atlas 
House, 683 London Road, Isleworth, 
Middx. 
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Micro Perforated Metals 

An entirely new range of micro per- 
forated metals, consisting of a pure copper 
core heavily clad with pure nickel, is now 
available. Known as “Perflec”, it is the 
only material of its type made in the 
U.K. It is an electro-formed mesh with 
hole sizes from 0.027 in. down to 0.003 in., 
or in special cases down to 0.001 in., and 
the normal thickness range is between 
0.010 in. and 0.003 in. 

It is flat, smooth, tough and can be 
easily cut, punched, bent or formed. Edge 
binding is unnecessary. It is ideal for hard 
or soft soldering and spot or seam weld- 
ing. There are great possibilities for this 
new material, including its use in filtra- 
tion. It is produced in rolls 3 ft wide and 
up to 100 ft long, in fifteen aperture sizes 
and thicknesses. Perflec Dept., N. Green- 
ing & Sons Lid., P.O. Box 22, Britannia 
Works, Warrington, Lancs. 

BCE 961 for further information 


CARMI Fire-tube Steam Generator 

The CARMI fire-tube steam generator 
is claimed to combine the steam raising 
speed of a modern generator with the 
sturdiness and durability of a classical 
steam boiler. 

It is said of it that it will raise 40 kg of 
steam per hour per sq m of heating 
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surface (8.2 lb/sq ft), will produce 13.8 kg 
of steam per kg of oil, and will reach a 
pressure of 8 atm from cold start in 15 
min. 

Six models of the CARMI are already 
available having capacities ranging from 
400 to 4000 kg of steam per hour (900 
to 9000 Ib). All boilers can be supplied 
with combustion chambers designed to 
burn oil, gas or coal, the latter fed by 
screw conveyor. 

The combustion gases flow around the 
boiler shell which contains the water and 
the two-pass gas-tube bundle, and then 
flow along the tubes to the stack. The unit 
is equipped with a flue extractor which 
regulates the gas velocity to the optimum 
value. The tube bundle accounts for five- 
sixths of the total heating surface. 

Every part of the unit can be readily 
and rapidly inspected and easily cleaned. 
Further, it requires no brick foundations 
or supports, and is supplied as a 
packaged unit with all necessary controls. 
CARMI, 69 Avenue d’lvry, Paris 13e, 
France. U.K. agents: Dixon, Dupont Ltd., 
56 Moorgate, London, E.C.2. 

BCE 962 for further information 


Atmospheric-pollution Recorder 

Isokinetic sampling apparatus designed 
to provide quick and accurate recording 
of dust, grit and fume emission from 
smoke stacks, and thus the positive con- 
trol of effluent, has been successfully 
developed. The Visco Isokinetic Sampling 
Apparatus (V.1.S.A.) is the result of recent 
investigations by the British Iron and 
Steel Research Association into atmo- 
spheric pollution. It should make a signifi- 
cant contribution to increasing efficiency 
in process control, for by measuring the 
temperature and flow rates of gases it 
indicates the presence of heat-wasting air 
leaks. 

There is a stainless-steel sampling probe 
facing directly into the stream of dusty 
gas, a filter unit which can be changed 
within 30sec, a cooling coil, pump and 
instrument unit. It is suitable for use in 
confined spaces. Visco Ltd., Stafford 
Road, Croydon, Surrey. 

BCE 963 for further information 


New Pelletizing Machine 

This efficient machine has been origi- 
nally designed by the Ontario Research 
Foundation, Toronto, Canada, for pel- 
letizing iron ore concentrates, but finds 
general application for agglomerating dry 
materials. 

About two-thirds of the material is 
moistened to about 18 per cent and then 
forced through a 1I-in.-diameter die with 
multiple openings. The extrusions from 
the die are cut in 1-in. lengths and fall on 
to the top of the machine. The machine 
essentially consists of two cones as shown 
in the diagram; the upper cone is fixed 
and the lowef cone rotates. The space 
between the cones is adjustable, but the 
angle between the cones is kept at 12 
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degrees to produce spherical pellets. If 
this angle is greater or less than 12 
degrees, the pellets become conical or 
sausage-shaped. The wet spheres travel 
through the space between the cones and 
excess moisture is brought to the surface. 
They then drop on to a trough bounded 
externally by a rubber wall. 

The other third of the dry powder is 
fed into this trough and adheres on the 
wet surface of the spheres which grow 
in size. Since each wet pellet can only 
pick up as much dry material as its 
excess moisture content permits, the pel- 
lets attain a limiting size, however long 
they remain in the machine. When the 
pellets have reached the required size they 
are discharged over an adjustable gate. 
If binders are required, they need to be 
added to the dry material. The licensees 
are Bonnot Co., Canton, Ohio, U.S.A. 

Digested from European Technical Digest, 1961, 
6 (10), 65 

BCE 964 for further information 


All-plastic Instrument Panel Manifold 


The photograph shows an all-plastic 
instrument panel manifold in which two 
types of valves are used; there are twelve 
4-in. needle valves and one j-in. gate 
valve. Air is supplied to the instruments 
in the panel via a pressure reducer at 
20 psi, and is controlled by the twelve 
needle valves. A manifold of this type 
has recently been supplied to the British 
Sugar Corporation’s Allscott Beet Sugar 
Factory, where it is fitted to the control 
panel of the continuous carbonation 
plant. Barflo Ltd., 56 Cavendish Place, 
Eastbourne. 

BCE 965 for further information 


PVC Pipelines for High Temperatures 
and Pressures 

The latest development in PVC pipe- 
lines for elevated temperatures and pres- 
sures is manufactured from extruded 
rigid PVC tube mechanically wrapped ex- 
ternally with specially woven glass-fibre 
rovings, and resin impregnated. This 
method of construction considerably in- 
creases the impact strength of the PVC 





British Chemical Engineering 








BCE 909 for further information 
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with any prisoner who was 
**“mute of malice ’’ or just plain unco-operative. 
When told to ‘‘ talk or else ’’ the wise prisoner usually preferred talking to the 
*‘or else’’. Pressure control was necessarily in a somewhat rudimentary stage 
depending on the sense of humour of the gaoler. This was known as the 
inhuman element. Today, DELTA can supply pressure control instruments 
for controlling almost any kind of pressure, although H.M. Prisons are one of the 


very few possible users from which enquiries have not so far been received. 


‘Cc’ Series Pressure Switches 


Consists of a large group of instruments covering the range from 
0-3 p.s.i.g. to 0-5,000 p.s.i.g. with a very close fixed differential. All 
models in this group are available either in general purpose 
industrial cases, fully weatherproof housings for external use or 
flameproof enclosures for use in hazardous areas. Other instru- 
ments extending the range below the above value and up to 
10 tons per square inch can also be supplied. 


DELTA offer you a complete technical service—they can supply a 
comprehensive range of Pressure, Vacuum, Differential Pressure, Flow 
or Temperature Control Instruments to meet your own requirements and 
specifications. 





Delta Technical Services Ltd. 


Delta Works, Cowleaze Rd., Kingston-upon-Thames. Phone: KINgston 9568 (P.B.X ) 
Telegrams & Cables: Deltcos, Kingston-upon-Thames. 
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tube whilst retaining its excellent chemi- 
cal resistance. It is supplied in diameters 
up to 18 in. and in lengths up to 20 ft, 
flanged or with socketed ends with tee 
pieces, bends and branches to suit. Plastic 
Constructions Litd., Tyseley Industrial 
Estate, Seeleys Road, Greet, Birmingham, 
il. 

BCE 966 for further information 


Pumps for Evaporating Plant 





These special centrifugal pumps will 
operate under deep suction conditions 
and will draw boiling brine against 28 in. 
vacuum, even though the maximum head 
is only 18 in. Indeed, a special feature of 
the pumps is the ability to operate suc- 
cessfully under very low suction heads. 
The pumps are constructed in cast iron, 
gunmetal, bronze or aluminium bronze, 
and in some cases impellers are of Monel. 

Sizes range from 1} in. to 5 in. delivery 
and duty ranges from 1-1100 gpm water 
at heads up to 200 ft, and in some cases 
up to 350 ft. 

The pumps are incorporated in new 
designs of evaporating equipment and 
find applications in a variety of allied 
duties. Girdlestone Pumps Ltd., Wood- 
bridge, Suffolk. 

BCE 967 for further information 


Chain Grate Stoker 

The Riley type “TT” stoker has recently 
been developed to burn small low-grade 
slack coal. It is suitable for installation in 
sectional boilers rated at 1,000,000 Btu/hr 
or more used for central heating. 

The endless belt is made of interlocked, 
heat-resisting, cast-iron grate links, and 
is driven from a front driving shaft by a 
}-hp geared motor unit. 

Forced draught is supplied to both 
sides of the stoker by a fan positioned 
below the machine. 

Automatic modulating control of the 
stoker feed and forced draught is effected 
by coupling a timer to a Honeywell 
Modutrol motor which, in turn, is coupled 
to the forced-draught damper. A control 
thermostat sends impulses to the Modu- 
trol motor for each degree rise or fall 
from its setting, and the motor accord- 
ingly adjusts the grate speed and the 
forced-draught volume in parallel with it. 
The grate speed can be varied from 
approximately 13 to 1. A limit thermostat 
is fitted, as a precautionary measure, to 
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stop the fan and stoker motors only after 
the machine is at its minimum setting. 
Burning back into the hopper is, there- 
fore, impossible and when the control 
thermostat takes over again the firebed 
will return to normal within one minute. 
A kindling control can be incorporated for 
night operation. Riley (IC) Products Ltd., 
19 Woburn Place, London, W.C.1. 

BCE 968 for further information 


Chute Sampler for Dry Materials 

The Denver chute sampler is a com- 
pact, dependable, automatic sampler unit 
which is ready for installation in a chute. 
Headroom loss is kept to a minimum 
The cutter is sealed against entry of 
material when the cutter is at the rest 
position. The standard type “‘C” sample 
cutter is carried across the stream on a 
heavy steel plate which acts as one of the 
sides of the chute chamber. The movable 
plate is sealed to control dusting. 

These samplers are available for both 
a vertical chute or an inclined chute. Any 
diameter chute can be accommodated by 
this design. 

They are capable of either continuous 
or automatic operation. Automatic opera- 
tion is from 2 to 55 min in 1-min incre- 
ments. Denver Equipment Co., Denver, 
17, Colorado, U.S.A. 

BCE 969 for further information 


Residual Fuels Burner 

Thermal vortex burners, based upon a 
Lummus design, are designed to operate 
on a wide range of residual fuels and 
waste products including light oils, 
asphalts, residuum, acid sludges, solvents 
or any gas. Changing over from one fuel 
to another without shutting down or simul- 
taneous firing of oil and gas are possible. 
Heat releases vary from 1 million Btu 
hr/cu ft on heavy oils to 3 million Btu/hr 
cu ft on gas or light oils. 

Combustion is efficient. rapid and clean, 
about 80 per cent occurring within the 
burner giving only a very short external 
flame. Ignition is by gas-electric pilot 
burner and there is provision for flame- 
failure equipment. Eight standard models 
are available ranging in capacity from 
1.3 to 48 million Btu/hr, with turndown 
varying between 3:1 and 6:1, depending 
upon fuel. Thermic Equipment & 
Engineering Co. Ltd., Preston, Lancs. 

BCE 970 for further information 


New Plastic Pipe Fittings 

An improved moulding technique has 
been developed which produces pipe fit- 
tings whose walls are the same thickness 
as the pipe. These fittings, which have a 
glue length of 0.8 D, can now be glued 
on to a standard pipe-end. W. J. Stokvis’ 
Koninklijke Fabriek Van Metaalwerken 
N.¥., Postbus 55, Arnhem, Netherlands. 
BCE 971 for further information 















Chemical-resistant Road Tanker 


An all-plastic tanker has been con- 
structed by Tough Plastics Ltd. for the 
transportation of hydrochloric acid or 
sodium hypochlorite. 

The tank is manufactured from Vybak 
sheets formed to the required shape, and 
supported with a _ glass-fibre laminate 
bonded with polyester resin. The grey 
pigmented laminate is then coated with 
isocyanate resin. 

It is the second “Tufplas” road tanker 
made; the first was made for a German 
chemical company. Special measures have 
been taken to control “surge” which takes 
place under heavy braking. 

The tanker weighs about } ton, whereas 
a similar steel tanker would weigh 24-3 
tons. Therefore, on empty return runs, 
the fuel saving should be considerable. 
Tough Plastics Ltd., Byfleet Road, Addle- 
stone, Surrey. 

BCE 972 for further information 


Weight Recording 
Accuracy and speed are two advan- 
tages claimed by this new weight record- 
ing unit which is connected to a weighing 
machine. Exact weights, together with 
serial numbers, date and time, are printed 
on tickets, and each weighing is auto- 
matically recorded on a continuous tape. 
The unit may be manually, automa- 
tically or remotely operated. It can also 
be fitted to transmit the recorded weight 
to all business machines provided with 
adequate programming units. Maat- 
schappij van Berkels N.V., Keileweg 5, 
Rotterdam, Netherlands. 
BCE 973 for further information 


Carboy Stand and Dispenser 

Large five- and ten-gallon containers 
which are heavy and difficult to handle 
can be placed in these stands which enable 
them to be tilted to pour out the contents 
more easily. Very often only small quan- 
tities are required and these may be 
obtained with a minimum of effort. The 
stand is made of steel and can be covered 
with P.V.C. to protect it from chemical 
corrosion. It can be tipped with one hand 
and the contents dispensed without 





wastage or mess. Price: stand for 5-gal 
carboy is £4 17s. 6d. and for a 10-gal 
carboy £9 15s. Od. Powerhead Ltd., 24 
Nelson’s Row, Clapham, London, S.W.4. 


BCE 974 for further information 
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Miniature Synchronous Timer 





Its simplicity and small size make this 
new motor-driven synchronous timer 
available at a very competitive price. It 
can close one electrical circuit for a 
specified interval during a fixed, con- 
tinuously repeating, overall timing cycle, 
or, when initiated by external switch or 
push button, a fixed single cycle and stop 
switching action can be obtained. Models 
with time cycles ranging from a few 
seconds up to 24 hr are available. Basic 
price is £5 10s., but may be as low as 
£2, depending on specification and quan- 
tity required. Electrical Remote Control 
Co. Ltd., Elremco Works, Harlow New 
Town, Essex. 

BCE 975 for further information 


Thermostatically-controlled Baths by 
Infra-red Radiation 
A new design of bath has been 
developed which considerably reduces 
temperature fluctuations. Infra-red radia- 
tion instead of resistance heating is used. 
The bulb of the contact-thermometer is 
placed within a few millimetres of the 
element and it is heated directly by the 
incident radiation. This results in instan- 
taneous action of the thermostat and 
maximum temperature fluctuations are 
reduced to a very low value. In an oil- 
filled bath of 45-litre capacity, the maxi- 
mum fluctuation is +0.02°C over a tem- 
perature range of 250°C. The manufac- 
turers are P. M. Tamson N.V., Nieuw- 
stratt 7-11, The Hague, Netherlands. 
BCE 976 for further information 


A New Belt Drive 

The EAC system consists of a primary 
belt with a leather inner face and a poly- 
amide outer face, over which is fitted a 
polyamide-coated secondary belt. The 
initial tension of this secondary belt is 
known and controlled. The leather face of 
the primary belt grips the pulleys, but 
there is minimum adhesion between its 
outer face and the secondary belt, and 
therefore the same tension is maintained 
in what would normally be the tight and 
slack sides during operation. The secon- 
dary belt serves to maintain constant pres- 
sure over the entire arcs of contact 
between pulleys and primary belt, and it 
follows that the latter need not be given 
initial tension. 
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This system may be applied to a single 
pair of belts or to an arrangement con- 
sisting of several pairs of belts. Advan- 
tages claimed are 70 per cent increase in 
the capacity of a given installation or, 
conversely, smaller pulleys for transmis- 
sion of the same hp, lower initial tension, 
reduced loads on shafts and bearings, and 
improved reliability coupled with the high 
efficiency of a flat belt drive. Ets. Chavant 
& Co., 58 rue d’Anvers, Lyon, France. 

BCE 977 for further information 


Automatically-controlled Waste 
Treatment Plant 

Complete prefabricated, automatically- 
controlled, waste treatment plants for 
acids and alkalis, including those con- 
taining chromate and cyanide, can be pro- 
vided for flow rates up to 2000 gph. In 
these plants, instruments will con- 
tinuously monitor the chemical reactions 
and automaticaly regulate the addition of 
reagents to ensure complete detoxication 
and neutralization without an excess of 
reagent. For larger flow rates the various 
reaction and settling tanks would be 
constructed on site, and the instrumen- 
tation packaged for immediate installa- 
tion. 

A model was exhibited at the Effluent 
and Water Treatment Exhibition at Olym- 
pia—London. A. M. Lock & Co. Ltd., 
Prudential Bidgs., Oldham, Lancs. 

BCE 978 for further information 


Accurate Liquid Meter 
The “Micro-meter” (model 2PM/3) is 
an entirely new industrial liquid meter 
based on the measuring unit incorporated 
in the Wayne “Meteor” petrol dispensing 
pump which has been proved already 





under arduous operating conditions. 
New standards of accuracy § are 
achieved—+4 per cent can be held over 
an operating range from 120 to 1200 gal/ 
hr. The equipment is constructed of stain- 
less steel and high-duty non-corrosive 
aluminium alloy. The amount dispensed 
is recorded on a numerical counter which 
can be reset to zero and another counter 


New Publications 


Information for Industry. A booklet 
listing the “Sources of Scientific and 
Technical Information Available to Local 
Industry” has been published by the 
Manchester Joint Research Council for 
the benefit of firms jn the Manchester 
area. A list of D.S.I.R. research estab- 
lishments and other research associations 
is also included. 

Another booklet gives “An Account of 
Some of the Scientific and Technological 
Facilities which Manchester University 
and Manchester College of Science and 
Technology can Offer to Industry”. 

Both booklets are available from the 
Executive Officer, M.J.R.C., c/o Chamber 
of Commerce, Ship Canal House, King 
Street, Manchester, 2. 

BCE 984 for further information 


A Catalogue of Available Whole Body 
Protective Clothing. This catalogue, com- 
piled by R. P. ROWLANDS, provides a 
general description, together with illus- 
trations, for each of the whole body 
pressurized and  unpressurized  im- 
permeable suits in regular use within the 
Atomic Energy Authority. 

Attention is focused on the suits them- 
selves without undue reference to ancil- 
lary equipment which may also be 
required when the suits are in use. The 
catalogue is printed and published by 
U.K.A.E.A., Harwell, and is available 
from H.M.S.O., price 22s. net. 

BCE 985 for further information 


Three Publications from Polypenco. 
The products dealt with in these three 
publications are registered under the fol- 
lowing trade names. 


Fluorosint 

A reinforced T.F.E. resin which offers 
advantages over conventional PTFE at 
high temperatures, closer dimensional 
tolerances in moulded parts, and superior 
bearing and wear characteristics—without 
sacrificing the electrical and mechanical 
properties of pure PTFE. 


Nylatron G.S. 

A molybdenum disulphide-filled Nylon 
66 having superior mechanical and bear- 
ing properties than nylon and similar elec- 
trical and chemical characteristics. Other 
claims are higher resistance to wear, to 
heat and to deformation under load. 


Nylaflow Flexible Pressure Hose 
A top-grade, flexible, all-bonded, high- 
pressure hose with nylon inner core suit- 
able for a variety of applications. Poly- 
penco Ltd., 68-70 Tewin Road, Welwyn 
Garden City, Herts. 
BCE 986 for further information 


1.A.E.A. Activities. This newsletter des- 
cribes the variety of services available 
from the International Atomic Energy 
Agency, and the technical and scientific 
assistance -rendered by that Agency. 
1LA.E.A., Kaerntnerring 11, Vienna 1, 

Austria. 
BCE 987 for further information 
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records the total throughput of the mete: 
to date. The unit may be removed for ser- 
vice without disturbing pipework. Future 
development allows for the introduction 
of a similar meter fitted with an automatic 
mechanism enabling preset quantities to 
be delivered. Price: standard meter is 
£58 10s., strainer £3 10s. Wayne Tank & 
Pump Co. Ltd., Western Road, Bracknell, 
Berks. 

BCE 979 for further information 


Magnetic Level Indicator 

Designed for use on any tank, pressure 
vessel, or road or rail tanker, the magnetic 
level indicator is suitable for measuring 
radioactive, corrosive, toxic, inflammable, 
volatile, pressurized or valuable liquids. 
Simplicity in design, low cost and abso- 
lute reliability, together with the fact that 
the device can be fitted from above or 
below on any tank and requires no skill 
or experience to operate, make it ideal 
for many applications in the chemical 
industry. 
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Sizes up to 12 ft in length are stocked, 
and the graduated dip rod is supplied in 
a number of calibrations. Indicators are 
made in aluminium or stainless steel with 
plastic or metal floats to suit a variety of 
liquids. Alan Cobham Engineering Ltd.. 
Blandford, Dorset. 

BCE 980 for further information 


High-temperature Immersion and 
Surface-type Platinum Resistance 
Thermometers 

A range of immersion and surface-type 
temperature sensors, using a very pure 
platinum resistance wire in a strain-free 
condition, has been developed for appli- 
cations demanding high precision and ac- 
curacy of temperature measurement. The 
sensors have a very short thermal lag, and 
an extreme uniformity in performance. 

The miniature  surface-temperature 
sensor, type EI30E, can be soldered, 
bolted or riveted to flat or curved sur- 
faces, and is available in a range of tem- 
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perature bands, a typical sensor covering 
—100°C to +300°C: temperatures as 
high as 750°C can be catered for. Radia- 
tion shields can be provided, and the 
sensors are fully sealed against ingress of 
moisture. The immersion temperature 
sensors, types E130C, E130D and E130F, 
are capable of withstanding extreme ther- 
mal shocks—immersion into liquid nitro- 
gen or heating rapidly to + 750°C—with- 
out changing the measuring accuracy by 
more than 0.1°C at 0°C. Working pres- 
sures up to and in excess of 3000 psi can 
be used, and the sensors can be supplied 
as small as 0.08 in. in diameter without 
sacrificing the performance or rugged- 
ness. 
In both types of sensor, the element has 
a basic resistance of 130 ohms. Research 
& Engineering Controls Ltd., South 
Bersted Industrial Estate, Bognor Regis, 
Sussex. 
BCE 981 for further information 


Process Differential Refractometer 
A new process refractometer is capable 
of measuring refractive index changes as 
small as 0.00005 with stability better than 
1 per cent of full scale over 24 hours, the 
sensitivity being 0.5 per cent of full scale. 
An important feature of the refractometer 
is that it makes possible the measurement 
of ppm impurities, and ranges as narrow 
as 0-500 ppm can be provided. The 
measurement of refractive index is re- 
motely recorded. Scientific Furnishings 
Ltd., Poynton, Cheshire. 
BCE 982 for further information 


Organo-silicate Liquid 
An instrument-grade organo-silicate 
liquid, Hyfil A, is now on the market. It 
has excellent thermal stability, a wide 
liquid range and low vapour pressure, 
making it ideal as a thermofill liquid for 
thermostats and _ temperature-indicating 
instruments operated by fluid expansion. 
It has a maximum-use temperature of 
360°C, which is higher than other avail- 
able organic materials. Hygrotherm En- 
gineering Ltd., Empire House, 414 Chis- 

wick High Road, London, W.4. 
BCE 983 for further information 


New Publications 


Sunshine Recorders. This publication 
(No. M/21) describes the “Jordan” 
photographic sunshine recorder, a univer- 
sal unit suitable in all latitudes from 0° 
to 65° North or South. 

The photographic record consists of a 
narrow dark blue trace, the length of 
which is proportional to the duration of 
“bright sunshine”. Negretti & Zambra 
Ltd., 122 Regent Street, London, W.1. 


BCE 988 for further information 


Survey of a Chemical Group. This new 
book gives a comprehensive account of 
the character and activities of the Albright 
& Wilson Group of chemical companies 
as it is today. It shows how a number of 
companies, each with its own chronicle 
of success, have integrated to form a 
rapidly expanding organization whose 
diverse fields of operation are world-wide. 
The book briefly sketches past history 
and concentrates on the present organiza- 
tion, its services and products. A short 
summary of its contents is included in five 


foreign languages. Albright & Wilson 
Ltd., 1 Knightsbridge Green, London, 
S.W.1. 


BCE 989 for further information 


Heat-transfer Medium. A 12-page bro- 
chure describes the physical characteris- 
tics and other properties of “Thermex”. 
the high-temperature heat - transfer 
medium. A list of equipment manufac- 
turers which can advise on the manufac- 
ture of heat-transfer plant using “Ther- 
mex” is also included. Heavy Organic 
Chemicals Div., LC.L, P.O. Box 19, Tem- 
plar House, 81-87 High Holborn, Lon- 
don, W.C.1. 


BCE 990 for further information 


Cambridge Stock Instruments. Two 
leaflets specify the pressure gauges and 
recorders (4-, 6- and 8-in. dial instru- 
ments) and humidity indicators and 
recorders which are available from stock 
for immediate delivery. Cambridge In- 
strument Co. Ltd., Thermometer Division, 
Friern Park, North Finchley, London, 
N.12. 
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Valves and Fittings Price List. Charles 
Winn & Co. have published a new price 
list (S 1) covering over 155 different types 
of valves in all sizes which are in day-to- 
day demand. It is indexed and fully des- 
criptive technically. Copies available 
from Charles Winn & Co. Ltd., Engineers, 
Granville Street, Birmingham, 1. 
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Paddle-bladed D Fans. This 19-page 
booklet (No. 2605) provides details of 
design, capacity, efficiency and numerous 
specifications of a variety of paddle- 
bladed fans manufactured by Sturtevant 
Engineering Co. Ltd., Southern House, 
Cannon Street, London, E.C.4. 


BCE 993 for further information 
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Canadian Expansion in Agricultural 
Chemicals 





Piping and control platform above 


Production has started at the new 
multi-million-dollar chemical plant at 
Port Maitland, Ontario. The plant 


belongs to The Electric Reduction Co. of 
Canada Ltd.—a member of the Albright 
& Wilson Group—and initial production 
is aimed at the agricultural industry. Nor- 
mal and triple superphosphates; phos- 
phoric acid and liquid phosphatics for use 
in fertilizers; and dicalcium phosphates 
for animal food are to be the main pro- 
ducts. The high capacity of the plant 
places the company in a strong selling 
position, and it is anticipated that at 
least 25,000 tons of PO; in the form of 
high-analysis phosphates will be directed 
to the North Central United States. 


Developing the Petrochemical Industry 
in Israel 
American and Brazilian in- 
terests have combined to develop the 
petrochemical industry in Israel. The 
project will be built up around the 
refineries in Haifa. At present only 40 
per cent of the full capacity (4 million 
tons per year) of these refineries are 
utilised. The plans include an ethylene 
plant (15,000 tpa) and a_ polyethylene 
plant (6000 tpa), Total cost is estimated 
at $15 million. The American partner is 
Sonneborn Oil, while Israel herself will 
raise about half of the necessary capital. 
A plant for producing amino plastics 
(capacity 1200 tpa) will come into opera- 
tion in collaboration with a European 
concern, This plant will cost $50,000. A 
Canadian firm will put their knowledge 
at the disposal of Israel for the produc- 


tion of polystyrol and other products. 
Kunststoffe, No. 7, 1961 


Israeli, 
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phosphoric 
acid concentrators at ERCO’s Port Maitland pliant. 
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New Plants in Brief 


BP’s Liandarcy Refinery is to have the 
first Ferrofining unit to be built in the 
U.K. The new process, developed by BP 
scientists in France and England, enables 
lubricating oils to be manufactured with- 
out producing a solid waste by-product. 
Throughput capacity will be 3500 barrels 
day. The new unit will carry out the final 
process in the manufacture of lubricating 
oils by which they are clarified and 
stabilized before blending. 

A polybutadiene plant with an annual 
capacity of 20,000 tons is to be built by 
Catalytic Construction of Canada Ltd. for 
the Polymer Corporation. 

Japan’s production of plastics in 1960 
exceeded her production the previous year 
by 40 per cent. Expansion of the petro- 
chemical industry is making her more 
independent of imports, and only the 
newer plastics, such as polypropylene and 
polybutadiene, are needed from abroad. 
However, Showa Denko K.K,. of Tokyo 
are to be licensed to produce polypropy- 
lene by the Tennessee Eastman Co. of 
U.S.A. using an Eastman process. 

During the past four years the con- 
sumption of plastics in France has practi- 
cally doubled, but the per capita con- 
sumption is still below that of other 
European countries. Petroleum chemicals 
are continuing to expand in France, and 
Naphtachimie have just completed an 
expansion programme at their Lavera 
works, raising the company’s ethylene 
production capacity to 48,000 metric tpa. 
Also, there are plans to construct a new 
ethylene cracking unit with a capacity of 
30,000 tpa. 


More Fertilizers 

Superphosphate is to be produced from 
South African phosphate rock and local 
pyrites sulphuric acid at a new R4 mil- 
lion fertilizer plant being built by African 
Explosives & Chemical Industries at 
Modderfontein in the Transvaal. Am- 
monium nitrate and urea already avail- 
able at the factory, together with am- 
monia and phosphoric acid, will be used 
to make concentrated fertilizers, enabling 
South African imports of agricultural 
chemicals to be reduced. From Greece it 
is reported that the Commercial Bank are 
spending $25 million on an ammonium 
superphosphate plant to produce 270,000 
tons/annum, and Freeport, an American 
company, are spending $23 million on an 
ammonium phosphate plant with an an- 
nual production of 315,000 tons. 

The Danish Sulphuric Acid & Super- 
phosphate Co are increasing the capacity 
of their sulphuric acid plant by the addi- 
tion of an 11-storey furnace—the largest 
in Denmark so far. It will consume 50 





tons of pyrites per day. Also, a continuous 
Broadfield plant has been installed in the 
superphosphate section. 


Organic Chemicals 

A new Sorbitol plant with an annual 
capacity of 4000 tons of 70 per cent syrup 
is now in production at the Ilford works 
of Howards. It is made by the reduction 
or hydrogenation of glucose and finds 
many uses in foods, pharmaceuticals, 
textiles, paper and leather manufacture. 
Hickson & Welch Ltd. have commis- 
sioned a continuous nitration and dis- 
tillation plant of advanced design at 
Castleford, and, as a result, the small 
plant at Milnsbridge has been closed. 

Natural gas is to be the feedstock for a 
new plant to be erected near Houston, 
Texas, which will produce 100 million 
Ib/yr of high purity acetylene. Tenneco 
Chemical Co. are to use a process licensed 
from Société Belge de L’Azote et des 
Produits Chimiques du Marly. 

Magnesium Elektron Ltd. have ap- 
pointed The Power-Gas Corporation Ltd. 
as main contractors for the engineering 
of a new plant at Hopton to produce 
5000 tpa of magnesium. 


Expanding Canadian Benzene 
Production 





BENZENE 
THER 


Flow diagram of the Imperial plant 


By the end of 1961 Canadian produc- 
tion of benzene will reach 450 million Ib 
per annum, which will permit the aro- 
matic to be exported to the U.S. duty- 
free. At present coke-oven benzene sup- 
plies most of the demand; now U.O.P.’s 
Udex units are being installed at three 
Canadian oil refiners—Imperial Oil, 
Sarnia, B.A. Oil, Montreal, and Texaco, 
Port Credit. The Imperial plant is almost 
the largest ever constructed, being rated 
at 25 million imperial gallons yearly. 


Personalities 


Nuclear Chemical Plant Ltd. announce 
the appointment of Mr. B. D. BaINEs as 
Technical Sales Manager, and Mr. T. V. 
MOLESWORTH as_ Senior Chemical 
Engineer. Mr. JoHN G. Winpdow, Sales 
Director of QVF Ltd., was elected a 
director of QVF Glastechnik G.m.b.H., 
a German subsidiary of Q.V.F. Ltd. 
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New Process 
A Swedish company, Skandinairska 
Grafit A.B., have been awarded the 
licence for the production of coal pro- 
ducts according to a process recently 
developed by Union Carbide. The pro- 
duction cycle has been reduced from eight 
weeks to about eight minutes, and this has 
made a high degree of automation pos- 
sible in this unusual process. The coal 
products are formed in giant presses 
heated by electric currents. Thus mould- 
ing and fusion take place simultaneously 
and this fact accounts for the drastic 
reduction of the process time. 
Kemikalieiacket, 1961, 6, 168 


Company News 
Water treatment equipment designed by 
William Boby & Co. Ltd. is to be pro- 
duced and marketed in Australia under an 
agreement with the Magnus Chemical Co. 
(Pty.) Ltd. of Victoria. 


Contracts 

Peabody Ltd. have obtained the con- 
tract for the gas cleaning and recovery 
equipment for the steelmaking kaldo 
plant at Stora Kopparbergs Domnarfvet 
works in Sweden, where hot metal is 
refined by oxygen in a rotary furnace. 

Another overseas order, for the supply 
of fluid mixers to the Polymer Corpora- 
tion of Pennsylvania, is valued at 
£75,000 and has been received by Lightnin 
Mixers Ltd. The units will provide the 
main mixing requirement for a new plant 
which the Corporation are setting up at 
Strasbourg. 

A contract for the engineering and con- 
struction of the new titanium oxide plant 
to be built for Laporte Titanium Ltd. at 
Bunbury, Western Australia, has been 
awarded to the Bechtel Organization. 
Annual production will be about 10,000 
tons. 


Fifth Anniversary of Calder Hall 

The fifth anniversary of the opening of 
Calder Hall—the world’s first industrial- 
scale nuclear power station—was marked 
on October 17 by the release of a new 
documentary film entitled Nuclear 
Power Reactors.* The U.K.A.E.A. have 
no doubt that the reactors will achieve 
their 20 years’ design life. Some general 
conclusions can be drawn from their 
operating experience so far: 

(a) Heat and electrical output have con- 
siderably exceeded design expectations. 

(b) Reliability in continuous operation 
and reduction of fuel-changing and main- 
tenance shut-down periods have been 
such as to achieve load factors of over 
85 per cent although all fuel changing has 
to be carried out with the reactors shut 
down. This compares favourably with the 
best capability of the latest coal-fired 
Stations. (Load factor is the proportion 
of a year in which a station is on full 
power.) 

(c) The magnox-canned uranium Calder 
fuel elements have successfully with- 
stood periods of irradiation in the reac- 
tors far longer than they were designed 
to achieve, without significant increase in 
fuel element failure rates. 
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Diagram showing the basic design of a gas-cooled 
graphite-moderated Civil Power Reactor. 


(d) These results have been achieved 
despite extensive use of the reactors for 
experimental work in aid of the larger 
nuclear stations now commissioning or 
under construction. 

* A survey, largely by means of animation, of 
power reactor systems, some already operating, 
others still under development. It is available 
free from Public Relations Branch, U.K.A.E.A., 
it Charles II Street, London, S.W.1, in 16/35- 
mm sound and Eastman colour; running time 
36 min 


Conferences 


Toronto Chemical Engineering 
Conference 

Four symposia dealing with process 
design, digital computers, kinetics of 
catalytic reactions and some aspects of 
nuclear processing were presented at the 
recent chemical engineering conference 
organised by The Chemical Institute of 
Canada, The programme achieved a good 
balance between research and non- 
research topics such as process design; in 
this latter field were: “Process Design of 
a Multi-purpose Petrochemical Plant” 
(T. W. F. Russevt and C. A. Woopcock. 
Paper A-3); “Experience in the Operation 
of Multi-purpose Chemical Plants” (J. E. 
Nicuo., Paper A-4): “Construction and 
Design Considerations Applicable to Low- 
cost Process Units” (D. H. Simpson, 
Paper A-2). 

General papers included one by L. A. 
MADONNA and co-workers on heat and 
momentum transfer in spouted beds (Paper 
C-1), and others were: “A Study of the 
Hydraulics and Efficiencies of Dual-flow 
Distillation Trays (G. H. RINGROSE and 
G. B. Wititams, Paper C-3); “Separa- 
tion of Hydrocarbons and Purification of 
Hydrogen by Low-temperature Tech- 
niques” (L. A. PoGorsky, Paper C-2). 

Prominent among _ the _ chemical 
engineering science papers was one by 
N. J. THemMectis and W. H. Gavuvin 
(Paper B-1) on heat transfer to clouds of 
particles. Others in this grouping were: 
“Heat-transfer Coefficients for Filmwise 
and Non-filmwise Condensation of Binary 
Vapours of Miscible Liquids” (V. V. 
MIRKOVICH and R. W. Mitssen, Paper B- 
2); “Mass Transfer from Solid and Fluid 
Spheres at Reynolds Numbers less than 
10° by D. M. Warp et al. (Paper B-5). 

Papers on catalytic reactions dealt with 
such subjects as the effect of pressure on 
diffusion through catalyst materials (D. 
BASMADJIAN, Paper E-2); “The Prediction 





of the Effect of Pore Diffusion on the 
Rates of Catalytic Reactions” (D. S. 
Scott, Paper E-1); “The Vapour-phase 
Hydration of Acetylene” (W. F. GRAYDON 
and A. Szony!, Paper E-3). 


Pollution Control Conference 

A number of papers of interest to the 
processing industries were presented at 
the October meeting of the Water Pollu- 
tion Control Federation in Milwaukee. 
Thus, in a paper entitled “Biological 
Treatment of Fine Chemical Plant 
Wastes”, W. R. Horne and co-authors 
described the use of activated sludge and 
trickling filters for treatment of wastes 
averaging about 2000 mg/I of B.O.D. An 
interesting point was the use of flotation 
rather than sedimentation for the clarifica- 
tion of mixed liquors. 

H. W. GeHM reviewed methods em- 
ployed by the pulp and paper industries 
for waste abatement. His review covered 
sedimentation, flotation, filtration and 
biological oxidation. In addition, he dealt 
with such special processes as stream 
reaération and pulping liquor recovery 
systems. Ridge and furrow irrigation for 
industrial waste disposal was discussed by 
F. H. SCHRAUFNAGEL, a technique which 
he considered can do a complete disposal 
job in some locations. 

Another technique, spray irrigation, was 
the subject of a paper by H. G. Luray, 
and the efforts of a large chemical firm to 
conduct effective waste abatement were 
described by W. L. Leucnt and I. Gross- 
MAN. Features of this paper were the 
employee education programme which, 
in concert with other measures, resulted 
in a reduction of solid content of effluent 
to 10 per cent of the level before the 
measures were initiated, Others papers 
dealt with fundamentals of deep well 
waste disposal (C. W. Querio), and the 
information required before waste and 
pollution can be tackled (T. Powers). 

Finally, a development of the interest- 
ing Zimmermann process was described 
(F. J. ZIMMERMANN). A new, discontinuous 
unit now in operation works on a 20-hr 
cycle at 500-600 psig and achieves end- 
product results comparable to those 
achieved by the continuous units. In- 
soluble organic matter reductions of the 
order of 80 to 90 per cent are achieved. 
while the mechanical equipment has been 
greatly simplified. At the lower operating 
temperatures and pressures, heat ex- 
changer, reactor and pressure piping are 
of lighter construction and lower cost. 
High-pressure sludge pumps and their 
associated feed pumps and grinders have 
been eliminated by a novel design utilizing 
air from the air compressor to pump 
sludge into the system over the 20-hr 
cycle. Thus, the only piece of equipment 
with moving parts is the air compressor. 
The unit is designed for automatic and 
unattended operation. 

Power recovery has been eliminated as 
not justified in view of the low power re- 
quirement, A unit of one ton (dry weight) 
per day capacity, for example, requires 
only about 50hp. Such a unit is in 
operation at the South Milwaukee sewage 
treatment plant and is available for inspec- 
tion during this Convention period. 
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